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INFLUENCES OF LAKE MICHIGAN ON EAST AND WEST SHORE CLIMATES* 


By Cxiarence Burt ODELL 
[Geography Department, University of Nebraska, Lincoln, Nebr., November, 1931] 


The influence of Lake Michigan upon the climate of 
the eastern shore in making it a as favorable to fruit 
growing is generally understood. However, little in the 
way of quantitative proof in the form of graphs from 
weather reports has been attempted. In view of the fact 
that there is general knowledge pertaining to the differ- 
ences in climate upon the opposite shores of the lake it 
has been considered of enough importance to take aver- 
ages of 15 years of weather reports for stations situated 
on the east and west shores, in approximately the same 
latitudes, and to put these results into graphic form. 
The stations of Milwaukee and Grand Haven were used 
as one pair and the stations at Green Bay and Ludington 
as another; thus, the matter of latitude need not be 
considered, since these pairs are located near the same 
parallels. 

The climatic factors used in the graphs were tempera- 
ture, wind velocity, number of clear days and cloudy 
days, precipitation, and the number of days with snow. 
The number of times that the minimum temperature fell 
below certain critical points was counted and used in 
three graphs in order to show which side of the lake is 
more favorable to fruit culture as far as temperatures are 
concerned. The critical temperatures for peaches were 
used, and the estimated damaging temperatures were 
obtained through consultation with the pomology depart- 
ment of the University of Illinois. A long discussion of 
each of the graphs and of the why’s and wherefore’s is 
not necessary because a study of the figures will bring out 
very clearly the striking influence of this body of water. 
Somewhat similar differences are noted between east and 
west shores at both pairs of stations and these differences 
in climate may be assigned to the influences of the lake 
in spite of its relatively small size. * 


TEMPERATURE 


There seems to be a greater range of temperature at 
the west shore stations—Green Bay and Milwaukee— 
than at the eastern. (Figs. 5 and 6.) The range, how- 
ever, is naturally greater at the two northern stations. 
Grand Haven and Ludington are warmer in the winter 
and cooler in the summer than Milwaukee and Green 
Bay. This is due to the winds coming over the water 
which is cooler than the land in the summer and warmer 
for the most part in the winter, a result of the difference 
in the rate of heating and cooling of land and water. 
There is also a slightly more rapid increase of temperature 
in the spring and decrease in the fall at Milwaukee and 


pera’ 
y records found in the Climatological Data (1914-1928, inclusive) for the months 
of January through May. The Mich partment of Agriculture furnished data 
for the actual crop condition or 
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Green Bay than on the eastern shore, due, probably, to 
the same reason. 

The temperature is more nearly uniform at Ludington 
during July and August than at Green Bay, another 
apparent water influence. The prevailing wind is south 
for the two stations during both months. 

An attempt also has been made to show how favorable 
the temperatures are to grow good peach crops on the 
Michigan and Wisconsin shores of Lake Michigan. 
Data were taken from the CuimatotoaicaL Data and 
the following figures were used as the minimum critical 
temperatures * (° F.) which would damage the fruit: 


Py, 


In each of these months for 15 years (1914-1928 in- 
clusive) the number of times was recorded in which the 
temperature fell below these critical points and the totals 
were compared. The graphs show the results and it can 
be seen that Ludington andjGrand Haven had fewer 
killing temperatures and also, had more years that were 
entirely free from damaging ,temperatures than Green 
Bay and Milwaukee stations. It does not necessaril 
follow, however, that the years recorded without suc 
temperatures had good peach crops. Many other factors 
enter into the production of the fruit—likewise with the 
other crops grown. Some of these items are wind, rain, 
soil temperatures, temperatures during the precedi 
fall and winter, amount of snow covering, amount o 
sunshine, and humidity. The exposure of the orchard 
and its drainage, both soil and air, will greatly affect the 
setting of the fruit. However, the temperature conditions 
are of fundamental importance to growth, insect flight, 
rainfall, and humidity. 

Figure 1 shows that Green Bay had killing or damaging 
temperatures in 14 out of the 15 years; Ludington, only 
7; Milwaukee, 11 out of the 15; and Grand Haven, only 
9. Thus the chances for a damaged crop from too low 
a temperature are approximately 30 per cent greater on 
the west shore than on the east. Also the total number 
of times that the temperatures fell below the critical 
temperatures were much greater in*Green Bay and Mil- 
waukee than at the east shore stations. Here, then, is 
one important reason why peaches may be grown on the 
Michigan shore and not on the Wisconsin shore. 

However, it must not be assumed that there are no 

h crops except in the years entirely free from damag- 
ing temperatures. In many of the years when the mer- 
cury fell only once or twice below the critical temperature 


M. Dorsey, professor of pomology, University of Illinois, Urbana, 
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it would not necessarily damage the whole crop. Per- 
haps just one section of an orchard or even parts of the 
trees might be damaged and the rest unhurt. The tem- 
peratures as given in the records are for the immediate 
vicinity of the Weather Bureau station and it is entirely 
possible that that reading might be found only in the 
station’s instrument halees oem in the same orchard, 
or perhaps on the same tree, air drainage might cause a 
section to be damaged and the rest to be unharmed. 
Also, there are so many factors influencing the setting 
of the fruit that it must not be assumed that there was a 
perfect peach crop every year in which no damaging 
temperatures were recorded any more than that the 
entire crop was destroyed in the years with critical 
temperatures. 

course the killing temperatures are different for 
various fruits but the peach is rather sensitive to low 
temperatures so that this study may be applied to all 
fruits grown in the region with some degree of accuracy. 
The Michigan peach regions center about Ludington 
and Grand Haven. Hence, the data here used are fairly 
representative of the conditions in the orchards. Peaches 
are not grown near Green Bay or Milwaukee and the 
data obtained from those stations show why that indus- 
try would not be profitable there. 

Figure 2 (sections A, B, C, D) shows the number of 
times the temperature fell below the critical point each 
month for each of the stations. The month of March 
seems to be the one with the greatest number of times 
with damaging temperatures. The damage done by the 
cold in March will depend upon the winther in the pre- 


ceding months and upon the growth of the tree at the - 


time of the low temperature. 

The two graphs (figs. 5 and 6) giving the average tem- 
peratures for the four stations show that spring is retarded 
on the east shore; therefore the trees should not be so far 
advanced as on the west shore, and hence, a low temperature 
would not do so much damage to the trees near Ludington 
and Grand Haven, as on the west coast. 

In Figure 3, annual occurrenceof critical temperatures, 
the figures on the right are the number of years during the 
15 in which there were the same number of temperature 
drops below the critical points. This will indicate to a 
certain degree just how severe the temperatures were for 
the various years, and also how different the conditions 
are at the four stations. Thus, in Green Bay we find 
that in three different years damaging temperatures 
were recorded fifteen times and that but one year was 
entirely free. Milwaukee had three with five or more 
times below the wrorig d ing point. Ludington had seven 
years entirely free with but one year as high as five times. 
Grand Haven had six free years and only two years as 
many as four times below the damaging point. This all 
indicates ae freedom from this great danger in 
western Michigan and the advantage of this section as a 
peach region over the eastern portion of Wisconsin. 

Figure 4 showing the final condition, or production 
percentages, show some correlation with the last-men- 
tioned one. When the number of occurrences of the 
critical temperatures goes down, the percentage of pro- 
duction goes up, and vice versa. A few exceptions may 
be noted, as in 1921, but they may possibly be explained 
by the other climatic factors. 1921, however, ac- 
cording to the CuimaTo.oaicaL Data for January to July, 
the reports indicate that there was an unusual] ild 
winter. January, February, and March were mild and 
above normal, but April came in with a cold wave and 
also had blizzards in the middle of the month over the 
lower peninsula. Cherries, peaches, plums, apples, straw- 
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berries, and en truck were badly frozen. The report 
also states that a cold wave came the 15th and 16th of 
May and that there was some damagesince the vegetation 
was two weeks in advance of the normal season. In this 
case temperatures might not have been low enough to do 
harm in ordinary circumstances but due to the advanced 
season the buds were damaged at a temperature higher 
than 15° in April and 28° in May. It must be realized 
that these critical temperatures are only estimates and 
are used only as a basis for the study. any variations 
of temperatures are possible whereby damage will be done 
to the growing fruit trees. 

The hoctuntionn in production are not affected by tem- 
perature alone. The many other factors entering the 

roblem, however, are somewhat dependent upon it. At 
en the weather has much to do in bringing about con- 
ditions which will damage the fruit crop as well as in 
bringing about a good crop. 

It is rather hard to specifically state how much damage 
is done to fruit in any one year and to determine an aver- 
age annual loss. Figure 3 for the individual years shows 
that there is a great deal of irregularity in the frequency 
of killing temperatures. Nothing definite is possible in 
predictions—the place, according to the past weather 
records, with the greatest chances of being free from low 
temperature drops can be best used for a profitable fruit- 
growing region. The many factors entering into this 
decision makes the problem one of difficulty and yet one 
of extreme importance financially. Fruit growers want 
a large percentage of their trees to produce, and they will, 
of course, gamble with the weather in the places which 
have the lowest percentage of killing temperatures over 
a period of years. These graphs were made from past 
weather reports and should bring out graphically an im- 
portant reason why the fruit region is where it is, and why 
the presence of the lake must certainly be an influencing 
factor in making the climate on the leeward side favorable 
for fruit culture. A brief account of other weather con- 
ditions, as influenced by the lake, follows. 


WIND VELOCITY 


The wind velocity naturally increases in the winter 
season on both sides of the lake, but the increase is more 
pronounced on the east side than on the west because 
of less friction between wind and lake surface (ice or 
water) than between wind and land. The velocity dro 
during the summer—to about 9 miles per hour in July 
and August for the four stations. (Figs. 7 and 8.) The 
difference in velocity between the two shores of the lake 
is more pronounced to the north than to the south. 


NUMBER OF CLEAR DAYS AND CLOUDY DAYS 


Winter is the season of greatest number of cloudy days 
on both sides of the lake, while summer is the period of 
greatest number of clear days. (Figs. 9 and 10.) There 
is a greater annual range in number of clear and cloudy 
days in the east than on the west side of the lake. De- 
cember and January each have about seven more cloudy 
days on the east than on the west shore, while in the 
summer the difference in number of clear days is not so 
great. The trend for partly cloudy days would more 
nearly resemble that of clear than that of cloudy days. 


PRECIPITATION 


In total annual precipitation there is little difference 
between the two sides of the lake in the same latitude, 
but there is a rather striking difference in seasonal dis- 
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tribution. (Figs. 11 and 12.) Though both sides have a 
maximum in summer, June and September being the 
rainiest months, the east shore of the lake has a notice- 
ably lower percentage of its! precipitation in summer. 
This,again is characteristic of marine climates. 


NUMBER OF DAYS WITH SNOW 


The test number of days with snow is found on the 
east side of the lake, especially in December, January, 
February, and March. (Figs. 18 and 14.) In terms of 
whole months all stations have the same length of snow- 
free period. The peak comes in January, except for 
Milwaukee where it is slightly higher in February. 
February would probably stand out even more prom- 
inently had the months been reduced to periods of equal 
length—30.44 days. West shore stations do not have so 
abrupt a decrease in the number of days,with snow, from 
January to March, as east shore stations. 


SUMMARY 


Thus the influences of Lake Michigan upon the climate 
of its two shore may be summarized into the following 
statements, 
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1. There is a smaller annual in temperature on 
east than on west shore, with a slight tendency for a 
delayed maximum. Critical temperatures for peach 

roduction are far more numerous on the west shore with 
arch as the peak month on both sides of the lake. 
Re There is a stronger winter westerly wind on the east 
shore. 

3. There is a greater annual range in clear and cloudy 
days on the east shore. 

4. There is greater fall and winter precipitation on the 
east shore. 

5. There is a greater number of days with snowfall on 
the east shore. | 

BIBLIOGRAPHY 


1. Annual Reports of the Chief of the United States Weather 
Bureau, 1914-1928, inclusive. 
ox were W. H., Fruit Growing, Houghton Mifflin Co., 

icago, 

3. Climatological pote, United States Weather Bureau, Wis- 
consin and Michigan Sections, 1914-1928, inclusive. 

4. Dorsey, M. J., Relation of Weather to Fruitfulness in the 
Plum, Journal of Agricultural Research, vol. 17, No. 3, Washington, 
D. C., June 16, 1919. 

5. Hedrick, U. P., The Relation of Weather to the Setting of 
Fruit; With Blooming Data for 866 Varieties of Fruit, New York 
State Agr, Exp. Sta. Bul., 299. pp. 59-138. 


Nov 


in 
to 
sc 
li 
di 
fil 
V 
al 
L 
al 
Ww 
ix 
W 
te 
il 
g 


| 
V 
\ 

~ 
<5" > 
m 
riv 

no! 
| 
fly. 
4 f 
fiv 
23 

ch 
di 
wl 
ie 
| 

2 

AS 

pe | 

int 

| 
ga 

Pyke: 

ee 


November, 1931 


MONTHLY WEATHER REVIEW 


411 


EASTERLY GALES IN THE COLUMBIA RIVER GORGE DURING THE WINTER OF 
1930-1931—SOME OF THEIR CAUSES AND EFFECTS 


By Donautp C. Campron 
[Weather Bureau, Portland, Oreg., June 6, 1931] 


When Lewis and Clark explored down the Columbia 
River in 1805 they found a passageway from the great 
interior plains of comparative simplicity, with a few 
sections of rapids and narrows which required portage of 
their canoes and supplies. By a water-grade route they 
made their way through a mountain barrier which aver- 
ages four to eight thousand feet in height, with peaks 
within 25 miles to the northward and southward rising to 
eleven and twelve thousand feet. The immediate slopes 
of this great gorge tower three and four thousand feet 
directly from the water’s edge. While the river itself 
winds about to some extent, the general contour of the 
gorge is a gentle curve of 50 to 60 miles in length, the 
river running a little north of west from its eastern 
entrance, westward in the deepest section of the cut, and 
then slightly south of west into the open country of the 
north-south valley west of the Cascades. 

The airplane finds here an easy passageway at normal 
flying levels through a mountain which at any other point 
north or south would require an ascent to at least four or 
_ five thousand feet to clear the lowest passes in safety. 
This latest mode of transportation has made possible and 
necessary the first intensive study of the angeriars. of 
this important and extremely interesting stre of 
territory. 

Something should be said of the general climatic 
characteristics of the States of Oregon and Washington 
to bring out more clearly the diecast contrasts which 
exist east and west of this narrow mountain chain. The 
coast range and western valley slopes are recipients of an 
abundant rainfall during the fall, winter, and spring 
months, averaging 40 to 80 inches a year, while imme- 
diately east of the mountains the rainfall averages less 
than 15 inches annually. Seasonal ranges in temperature 
west of the mountains are comparatively small, the 
winters hens considerably warmer than is normal for the 
latitude and the summers cooler, while the interior 
sections have cold winters and warm summers. 

Since there is a mountain barrier between these areas 
of marked climatic differences their proximity seems only 
natural, but when one considers a gigantic sea-level cut 
through this barrier the character of the weather which 
prevails within it can be better understood. 

Geologically this gorge is unique and climatically also 
it must closely approach that distinction. From a place 
in the western portion where the annual rainfall amounts 
to 78 inches at the river level, the precipitation falls off 
so markedly with progress eastward that at a point only 
18 miles away it is only 34 inches, another 18 miles 
divides that figure in two, while still farther eastward we 
find a normal rainfall of only 8 inches. 

In October, 1929, a series of four airway stations of the 
Weather Bureau was opened through the gorge. These 
are: Crown Point, 24 miles from Portland; Cascade 
Locks, 45 miles; Hood River, 65 miles; and The Dalles, 
about 90 miles. During the first four months, or the 
winter of 1929-30, these stations were not equipped with 
instruments, but in February, 1930 3-cup anemometers 
wind vanes, thermometers, and barometers were supplied 
to each. January, 1930, had been a remarkable month 
in the gorge, easterly winds and gales were almost con- 
stant, temperatures low, snows a and the month, 
generally, one of the stormiest and co dest in many years. 


the entire western gorge. 


During this period all the winds were estimated by the 
observers and it is now interesting to note that they never 
estimated current velocities to be over 50 miles an hour, 
while it is likely that winds of hurricane strength pre- 
vailed over the western portion. The strongest evidence 
of this is the fact that on the night of January 16-17, a 
Richfield beacon tower was bent and twisted to the ground 
by the force of the gale at Crown Point. Since the records 
ob the winter 1930-31 have been compiled it is not difficult 
to realize that the total wind movement at Crown Point 
during that month would have approximated 25,000 
miles, or an average velocity of 34 miles per hour. 

Crown Point is one of the most sed points alo 
It juts out from the south wa 
at about 700 feet above the river and is very steep. 
The contour of the rocky formation is such that east 
and northeast winds are caught and forced upward over 
the summit, thereby accelerating the true velocity of the 
wind down the gorge and producing a gusty condition. 
The extent of this exaggerated condition is not definitely 
known since no records of wind velocity are available at 
any other point in the vicinity. At Cascade Locks, 20 
ili eastward, the exposure was not entirely satisfactory 
and no continuous record was made. (Notrsz.—The 
anemometer, recently removed to an excellent exposure 
on a rocky promintory in the center of the gorge, now 
Pome)” velocities equalling or exceeding those of Crown 

‘oint. 

The site at Crown Point was selected for a station 
because it commands a better view of a greater portion of 
the gorge than is obtainable from any other point and 
also because night and day service could be obtained at 
this place on call. The anemometer was exposed on a 
12-foot support on the roof of a 1-story structure directly 
on the highway, so situated that the exposure eastward 
into the gorge is excellent. To the north the exposure is 
good, but due to the fact that the gorge runs east and west, 
cross winds are uncommon. Westward there is a slight 
obstruction in the form of some low trees across the high- 
way, but the contour of the point in that direction is 
such as to ward off westerly winds which seldom exceed 
gentle to moderate velocities. Southeast, south, and 
southwest the exposure is unfavorable due to the hills 
which slope away from the crest of the point. Southwest 


winds occasionally reach moderate force during rainy 


periods when strong southerly winds prevail overhead and 
in the valleys to the west, but a wind velocity of 20 miles 
or more per hour has not been observed at Crown Point 
from any direction except east or northeast. On October 
21, 1930, a single register for recording wind movement 
was installed and a continuous record commenced. 

The only other records of continuous wind movement 
in the vicinity are those made at the regular Weather 
Bureau office in the customhouse in Portland, but the 
exposure is not satisfactory in all directions and does not 
represent a true picture of winds in the Portland area. 
The airport exposure is more satisfactory, there being no 
obstructions in the form of high buildiaes. It is low, 
however, when compared with surrounding hills and bluffs 
which are some distance from the instrument. Con- 


tinuous wind movement wasjnot available at this[point 
but by making dial readings at midnight, and,using ,the 
ly current 


daily total movement in connection with hour 


beat 
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velocities a vary eotetactory record of total movement 
was obtained which represents more nearly the average 
conditions in the immnedigns Willamette Valley than does 
the customhouse record. Finally, dial readings were com- 
menced on the 3-cup anemometer exposed on the summit 
of Council Crest in Portland. This exposure is without 
parallel in the Pacific Northwest, being 1,200 feet above 
the Willamette River and 88 feet above ground at the 
summit. Access to this point by automobile is fairly 
easy and dial readings were made every four or five days. 
The record obtained, however, is only for total wind 
movement but it represents a record of unobstructed 
flow of wind from all directions above the Portland area. 

November, 1930, was the first complete month of 
record at these points and the following is a table of the 
wind data: 


Cae 

v ve 

Total | Average anda 

tion 

Miles | M.p.h. 

3, 481 20 E 


From the above table it can be seen that Crown Point’s 
total is 3.6 times that of the customhouse, 2.8 times that 
of the airport, but only 1.1 times that of Council Crest. 
During this month, the wind at Crown Point blew from 
the northeast 37 per cent of the time and 71 per cent of 
the total mileage, while at the customhouse the wind 
blew from the northeast only 4 per cent of the time and 
3 per cent of the total mileage. Southeast was the pre- 
vailing direction in the city, the customhouse showing 
31 per cent of the time and 30 per cent of the mileage 
from that direction, the airport 32 per cent of the time 
and 40 per cent of the mileage. This is the direction 
which occurs at these two exposures most of the time that 
eizong northeast and east winds prevail at Crown Point. 
Another very interesting feature of the Crown Point wind 
during November is that the northeast wind averaged 
33.2 miles per hour, the east wind 14.1, while no other 
direction gave over 6.5. The most remarkabije period 
was from the 22d to the 26th, inclusive, when the wind 
blew from the northeast every hour of the 120 of the 
period and averaged 40.1 miles per hour! Equally 
remarkable is the record from the 21st to the 30th, in- 
clusive, when the wind averaged 33.6 miles per hour and 
blew from the northeast or east every one of the 240 hours. 
At the customhouse during the former period the wind 
aver 5.6 miles per hour, and d the 10-day 
period, 5.1 miles, the airport averaging slightly higher 
than the customhouse. These differences are surprising 
when one considers that there is no marked barrier in the 
way of hills between Crown Point and downtown 
Portland. 

November 23d was the windiest day at Crown Point, 
there being a total movement of 1,278 miles that day, an 
average of 53.2 miles per hour. The writer had the 

leasure of being at the Point during a portion of the 

ay, but not during the time of the maximum wind, 
which occurred during the morning. Observing the clock 
closely and counting the buzzes on the wind indicator 
during some of the heavier gusts, an extreme velocity of 
120 miles an hour was war The tops of several auto- 
mobiles were wrecked as they rounded the Point; one 
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woman was thrown to the pavement by the gale and 
rolled against a stone abutment, suffering injuries which 
required hospital treatment. : 

he greatest total movements were recorded d 
December, 1930, but no unusually high maxima occurred. 
The following table is for December: 


Pre Maximum 

vailing direc- | velocity 

Total | Average tion and 
direction 

Miles | M. p.h. 

Grown Polttt. 17, 135 60 NE, 

Council Crest 12, 849 | 

Portland Airport. ..............- 5, 520 7.4) SE 

4, 071 20 E. 


The total movement at Crown Point is unusually high, 
and an inspection of the total movements at regular 
Weather Bureau stations since the installation of 3-cup 
anemometers in January, 1928, reveals that it has been 
exceeded at only two, namely, by 4 miles at Buffalo dur- 
ing January, 1928, and at Tatoosh Island, Wash., durin, 
January, 1930, when a total of 17,947 miles was recorded. 
It is interesting to note that during December, 1930, 
the total movement at Tatoosh was only 12,718 miles, 
or 74 per cent of that at Crown Point. The wind move- 
ment at Crown Point during the month was over four 
times that recorded at the customhouse, over three times 
that at the airport, and 1.3 times that of Council Crest; 
96 per cent of the Crown Point total movement was from 
the northeast or east, while it blew 71 per cent of the time 
from those directions. The northeast wind averaged 33.8 
miles per hour, the east wind 15.6 miles per hour, but 
winds from other directions averaged only 6.5 miles per 
hour or less. In Portland the northeast wind as usual was 
negligible, while the southeast wind at the airport blew 
54 ee cent of the time, 68 per cent of the total mileage, 
and averaged 9.5 miles per hour. At the customhouse, 
east was the prevalent wind, blowing 34 per cent of the 
time, 49 per cent of the mileage, and averaging 7.7 miles 

er hour. The difference between the effects of these 
atter two exposures on east and southeast winds is almost 
wholly of topographical origin. 

uring January, 1931, large total movements were 

registered at the Point and at Council Crest, shown with 
oe airport and customhouse figures in the following 
table: 


Prevailing direc- 
ve 
Total | Average thon a” 
Miles | M.p.h. 
Council] Crest. 12, 530 m6 
Portland Aircraft...............- 5, 686 


Comparisons during this month show approximately 
the same differences as during the two preceeding months, 
except that Council Crest’s total approaches Crown 
Point’s, due to the fact that southerly winds were more 
frequent over Portland than earlier in the winter. 

ebruary, 1931, is somewhat more striking in that the 
wind at Council Crest exceeds that at Crown Point for 
the first month since the study was commenced, The 
values for this month are shown in the table following. 
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NoveMBER, 1931 
Prevailing direc- ey. * 
v 
Total Average tion and 
direction 
Miles | M.p.h. 
Crown Point: 10, 496 54 NE 
Portland Airport. 4,711 71.09 BB. AU 
ustomhouse 3, 560 24SW. 


Due to the shortness of the month, total movements 
are proportionately lower, but Council Crest exceeds 
Crown Point in total movement by approximately 100 


miles. 

In the following table a brief summary of the four 
months, November, 1930—February, 1931, inclusive, is 
presented : 


Maximum 
Total | Average direc- and 


M. p. h. 
Portland Airport... .......-...- 20, 413 GAP 


From this it can be seen that Crown Point’s total was 
approximately}3.6 times that at the customhouse, about 
2.6 times that‘at the airport, but only 1.2 times that of 
Council Crest. However, when one considers that 
almost the entire mileage at Crown Point was from onl 
two directions, viz., northeast and east, compared wi 
free wind movement from all points at Council Crest, 
the difference is even more remarkable. 

The causes of the easterly gales are interesting and as 
would be expected are due principally to the fact that 
during the winter time higher pressure prevails over the 
continent and lower pressure over the sea. The Cascades 
form a natural barrier between these pressure differences 
and sr gradients occasionally occur along the range, 
It is at these times, of course, that winds at Crown Point 
are strongest, slackening as the gradient lessens, and disap- 
pearing almost entirely when the pressure distribution 
isreversed. However, other important factors contribute 
to the strength of the gales, principally temperature. 
Colder weather accompanies high pressure east of the 
mountains, while to the westward warm weather with 
southeast or southerly winds may prevail and this tem- 
perature gradient is frequently very strong over the 
mountains, while the pressure gradient may not be un- 
usual. Strong winds are experienced under such condi- 
tions. With the movement inland of a low-pressure 
area in British Columbia a change of the pressure grad- 
dient occurs. Often the gradient over the range is 
reversed in a comparatively short period. At these times, 
a flow of colder air from the interior obtains and occasion- 
ally lasts for several hours before finally being overcome 
by the more Bhd pressure differences. This change 
was observed frequently during the winter of 1930-31 
and on a few occasions caused glaze deposits in the 
vicinity of the Point when subfreezing temperature 
prevailed in the easterly winds from the interior while 
westward and aloft relatively warm weather accompanied 
by rain was occurring. 

The return of the easterly winds was always a slow and 
gradual process attending the passage of the oceanic high 
pressure areas inland over the Cascades, and during such 
times the temperature gradients were unimportant. The 
wind did not shift to easterly until the center of the hi 
pressure definitely passed over the range, after which the 
Increase in velocity was slow and steady. However, if 


94894—82——_2 
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a strong continental high had moved southward into the 


- interior, the shift and increase in wind might have been 


abrupt and accompanied by a cold wave. No such cases 
occurred during the winter, but during the great wind and 
dust storm of April 21-24, 1931, a somewhat similar case 
did occur and the wind at Crown Point rose abruptly 
from 20 to 50 miles per hour with the arrival of the wind 
shift. WeaTHER Review, May, 1931, 
p. 195. 

Conditions of pressure and temperature — the 
winter 1930-31 were decidedly abnormal, especia y as 
regards the persistence of the pleateau high over Idaho 
and eastern Oregon. During a normal winter such 
remarkably steady and prolonged gales would not be 
experienced, but quite likely some higher maximum veloc- 
ities would occur. An ideal type for winds of hurricane 
strength would be a eee moving southward into 
eastern Washington and Oregon from Canada and an 
oceanic low-pressure area off the central Oregon coast. 
Just such a pressure distribution occurred on the night 
of January 16-17th, 1930, when the destruction of the 
steel tower, described previously, took place. 

Results of the easterly gales in the Columbia River 

rge are many and varied but space does not permit their 
Peing discussed in detail. In general they are oo 
for more uniformly low daytime <n at Portland 
and higher night temperatures — clear, winter 
weather, while northward and southward away from the 
effects of the is e winds much larger ranges in tempera- 
ture occur. Perhaps one of the most beneficial effects 
of the gorge winds in the Portland area is their reduction 
in the hours of ground fog as compared with other sec- 
tions any distance north or south, where marked tem- 
perature inversions occur during clear, calm nights. The 
motion of the air in the Portland area and its relative 
dryness are the principal causes for lack of fog. While 
it must be admitted that the winter of 1930-31 was 
one of unusual fogginess in the valleys between the Cas- 
cades and the Coast Range, due to persistence of high 
pressure over the interior of the Northwestern States 


and resulting clear skies, the following table has been — 


prepared to show the number of hours during the four 
month’s November to with moderate 
or dense fog (visibility three-fourths mile or less): 


Number hours with moderate or dense fog 


November | December | January |February|; ‘Total 


te 96 57 47 29 229 
Salem. 162 180 173 65 580 
Roseburg. 188 135 141 80 544 
Seattle. 185 92 90 42 409 


Salem, Roseburg, and Seattle were selected to make the 
comparison because es 4 are all located in the valle 
country between the Cascades and Coast Range, al- 
though local topography is considerably varied, and be- 
cause hourly records of fog were available. 

During each of the months Portland ranked lowest in 
the number of hours of fog, the difference being especially 
marked when compared with the record at Salem (50 
miles south of Portland). During December and Janu- 
ary, Salem had over three times as many hours with fog 
as Portland. On no single day during the period did fog 
persist at Portland throughout the daylight hours, while 
at Seattle this condition occurred on three days, and at 
Salem on four 

In reviewing the record of the easterly gales during 
the winter of 1930-31 only one phase of the weather in 
this most unique section has been described. 
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FREE-AIR WINDS AT SAN JUAN, P. R. 


By C. L. Ray 
{Weather Bureau Office, San Juan, P. R., October 13, 1931] 


More than 500 pilot-balloon observations at San Juan 
have reached an altitude of 10 kilometers or more up to 
the present time (October, 1931). Pilot-balloon work was 
begun there in the summer of 1920, and was at first 
confined to the summer and autumn months, but from 
May, 1926 records have been obtained daily throughout 
the year, except when they were interrupted by inclement 
weather. In February, 1931, an evening observation 
was added to the daily program, necessarily limited, how- 
ever, in altitude owing to fading, or extinguishing, of the 
small candle light. e number of all observations up to 
October, 1931, amounts to more than 3,500. On the 
average between 15 and 20 per cent of the daylight flights 
attained an altitude of 10 kilometers or higher. Although 
the visibility seldom is better than six to seven (fair to 
good), long observations are made possible by the reverse 
or westerly current above the “trades.” 

At San Juan the record of long runs is due, in part, to 
the unremitting interest of Dr. O. L. Fassig under whose 
direction this work was started in 1920. 

The following summation of the seasonal averages at 
the several levels is of interest particularly as it relates 
to the winds in the upper layers of the troposphere and 
the lower stratosphere. With this in mind, the averages 
have been based on the flights which attained the 10- 
kilometer level or higher. A paper by Doctor Fassig in 
the Montraty Wrartuer Review, vol. 52, January, 1924, 
covers some of the more interesting records made up to 
that time. The following data include also such of hitie 
earlier observations as pertain to the extreme altitudes. 
Owing to ee number of years in which observa- 
tions were made in the summer and autumn periods, larger 
proportions of the data refer to those seasons than to the 
others. Itis believed, however, that there are sufficiently 
numerous observations to fairly represent each of the four 
seasons. This grouping and also that by levels are given 
in Table 1.' 


TaBiLe 1.—Number of observations by seasons and different levels, 
San Juan, P. R 


Surface to— 
54 


! The results for heights above 15 kilometers must be accepted with the reservation 
that they are based on single theodolite observations and therefore on an assumed 
ascensional rate for which sufficient confirmation data by two theodolites have not yet 


Throughout the year the surface winds frequently are 
from some easterly point. An east component occurred 
in 64 per cent of all such winds under consideration. 
However, the chief surface component, found in 85 per 
cent of the cases, is southerly, particularly in the early 
morning hours. This off-shore wind shifts to more 
easterly by 90r10 a.m. Table 2 gives the percentage of 
annual and seasonal frequencies of wind directions at the 
surface and in the upper levels to 10 kilometers, while 
Figure 1 shows the summer and winter directions per- 
centages at the surface and at the 2, 6, and 10 kilometer 
levels. It will be noted that the prevailing component is 
easterly up to 4 kilometers in all seasons and to 6 kilo- 
meters in the summer period, and westerly at the 8 and 
10 kilometer levels. 


TaBLe 2.—Percentage frequ of winds observed from various 
d a8 


arections an Juan, P. R. 

SPRING 

10| 15/15/25) 20/11} 2] 2} 0} o| Oo 
2] 0| 6| 36/38/18] 0} 0] 0] o| Oo 
3] 28/25/12} 3/ 1] O| 2] 1] 1 
5| 7| 7/12/25| 3] 2] 6| 8] 3] 3] 3 
12; 12| 3/12] ©| 3] 0] 0| 2] 8} 14] 14] 6] 3 
2} 6| 5} 0| 2] 0| O| 20] 8| 10 
3} 1} 0] 0] of 1] 83/35] 18] 10 

SUMMER 
Surface. ....... 0; 16/18/26) 12] 3] 2] 1} 1] of} 
1| 0| 2) 40} 39/14] 2} 1] 1] 
1! 2/36/15) 3} 2! 1] 1] o| 1 
4,000....------- 3} 3] 2] 1] 1 
6| 4] 41 5] 5] 5] 4! 3] 3 
5| 6| 4) 2] 7] 5) 7 
6; 6| 9] 5} 3| 3| 2] 3] 3| 4] 16]; 5} 5 

AUTUMN 
Surface. ....... 0} O| 1] 1] 2] 5/16] 26/30)15| 1] o| of 
0} 4/11} 22/30 16) 5] 5] 2] oO} 1} 1] 1] 
2} 9123/20/14] 3| 8] 2] 2) 2} 2] 2] 1 
5| 4/10/11] 5| 9] 6] 7] 4] 6] 1] 3] 3 
8| 6] 5| 6| 5} 5] 8| 9] 6] 7] 6] 7] 6 
10| 7| 5| 4] 3\ 3} 4] 6] 9] 8|.4] 7 
9/ 8| 5] 3| 3] 3] 2] 2] 4] 5] 6/12/13] 9] 13 

WINTER 
Surface........ o| o| 2| of 97/30/11 | 7} of of of 0 
0| 5.15) 48/18} 5] 5) 0] 2} 0| o| Oo 
7| 9] o| of o| 2] 5] 0! O 
0| 7| 4) 16/16/14) 2} 7} 9) 5 
0| 5] 2] O| 7] 2111/16) 5] 5| 7 
2} 0| 4] 0} O| 5| 14) 27) 1 

ANNUAL 

. 

Surface. ....... 0] 0| 4} 8/11] 20| 9| 3] 1] o| 
1/1] 2; 8132/33/15! 3! 3} 1! of 1] 
1| 2/12) 26) 26}14| 5| 2) 2] 2} 12) 1 
4| 5| 7| 6] 6| 5] 3] 1] 3] 8 
6| 9| 7] 6] 4] 6] 61 81 7] al 5 
7| 6| 4] 4] 2) 5] 2) 4/ 5) 8| 8 
7| 5| 3] 2] 2| 2] 2| 2] 4] 5} 91/17/16] 9| 10 


Table 3 shows the frequencies of different wind com- 
ponents at and above the 10-kilometer level. North and 
west components persist up to 15 kilometers, then south 
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and west or south and east to 16.or 17 kilometers, and 
finally, north and east components at the 18 to 22 kilo- 
meter levels... Two flights were followed to a height-of 24 
kilometers and one to 33.kilometers. The latter is 
discussed in detail in the Montuty Weatuer Review, 
January, 1924, referred to above. | 


TABLE 3.—Percentage frequency wind components in levels at and 
ve 


ometers 
Kilometers 
Direction between— 
10 | 11 | 12] 13 | 14/ 15 | 16 | 17| 18 | 19 | 20| 21 | 22 
SSW. and NNW. (W.)_....-/ 70 | 69 | 65 | 70 69 | 52 27| 0} 25 | 38} 22 
SSE, and NNE. (E.)....-..- 21 | 22 | 24] 20 | 31 | 24 | 36 | 41 | 73 | 78 | 62| 67| 75 
ESE. and WSW. (S.)...--.- 26 | 22 | 27 34 | 35 | 56 | 53 | 36 11 | 38/33) 
WNW. and ENE. (N.)_.-.- 55 | 63 | 56 56 | 28 45 | 44) 50 | 50| 75 
No. of observations.......... 0 art “91 | 54/25 11) 9) 8! 6] 4 


Nore.—2 observations to 24 kilometers with ENE. to E. and ESE. to WNW. at 23 
and 24 kilometers respectively; 1 observation to 33 kilometers with change in direction 
from 25 kilometers to 33 kilometers, in the following shift—W. to SE. to S. to WNW. to 
SW. at 33 kilometers, velocity 3 to 15 meters per second. 


Owing to the small number of observations at the higher 
levels their ayerages are somewhat unreliable. There 
seems, however, to be a well-defined north by westerly 
current from the 7-kilometer level to the fifteenth, and a 
fairly continuous east component in the winds above the 
17-kulometer level. 


Tasie 4.— Mean free-ait winds at San Juan, P. R. 


[Velocity in meters per second] 
Spring Summer Autumn - Winter Annual 

Altitude) 
) Ve- Ve- Ve- Ve- Ve 
Direction | loc- |Direction | loc- |Direction | loc- [Direction | loc- | Direction | loc- 
ity ity ity | ity ity 
Surface. S-47-E 2.3) §-15-E 1,9} §-14-E 2.2; 8-20-E | 2.2 
500...... 8-77-E 8-75-E S-70-E 5.9) S+87-E 7.6| S-74-E | 7.1 
1,000_...| 8-75-E 9. 2} S-72-E 8.7; 8-70-E 5.9) S-82-E 7.9| 8-72-E | 7.4 
2,000....| S-79-E 8-74-E 7.4| 8-76-E N-87-E | 6.0) S-77-E | 6.0 
3,000....| N-77-E 6. 5| S-73-E 6.3 E N-77-E 5.1; S-76-E | 5.2 
...-| N-82-E 4.9| S-81-E S-76-E 4.1) N-74-E 5.0; S-81-E | 4.7 
N-40-W} 4, E 5.1) S+49-E 4.8) N-14-E 5.8)|.S-83-E | 5.2 
6,000....| N-43-W | 6,6) N-83-E | 4.8 8-15-W | 4.8). N-40-W/| 7.2) N-53-E.| 5.2 
7,000....| N-68-W | 8.5) 5.2) N-73-W/ 9.0) N-47-W' 6.0 
..--| N-59-W | 10.9) N-58-W 6.1) N-56-W]| 6.6) N-77-W| 9.4) N-60-W| 7.2 
9,000._..| N-66-W | 14.2) N-67-W| 6.3) N-51-W| 7.3) N-74-W/| 13.1) N-62-W/| 8.3 
10,000...| N-70-W | 18.0} N-69-W/ 8.1 N-43-W)| 9.5) N-73-W 17.0) N-60-W /10.7 
11,000__.| N-69-W | 18.4).N-65-W | 9.2; N-50-W | 10.7) N-74-W | 21.9) N-G0-W [11.5 
...| N-71-W | 18,1) N-67-W N-44-W | 11.4) N-73-W | 21.6) N-58-W |12.0 
13,000...| N-72-W | 19.4) N-69-W | 9.8) N-61-W | 12.2) N-68-W | 20.3) N-65-W |12.5 
14,000...| N-62-W | 21.0} N-87-W | 10.5) N-50-W | 11.5) N=20-W | 22.0) N-65-W |13.0 
j...| N-68-W | 20.8} N-49-W 13.0) N-68-W | 12.8] N-19-W | 22.0) N-59-W |14.9 


Table 4 gives the mean free-air winds and Table 5 the 
free-air resultant winds, by seasons and for the year from 
the surface to the 15-kilometer level.’ Figure 2 shows the 
mean free-air wind directions and velocities. Here we 
note that in the spring the wind is easterly below the 
4-kilometer level and westerly above; in the summer 
easterly up to the 6-kilometer level but westerly at and 
beyond 7 kilometers; in autumn and winter, easterly up 
to 5 kilometers and westerly at and above 6 kilometers. 
In the free-air resultant winds no marked difference in 
direction occurs, compared with that of the average 
winds, but there is some reduction in velocity which is 
particularly evident in the summer and autumn months 
when the persistence of easterly winds .to higher~levels 
tends to lower the values of the resultant westerly speeds. 


1 In obtaining “mean” or “‘average”’ winds the directions and velocities are considere 
independently, wh “resultant” winds are determined by first resolvi 
observation into its and west cotaponents and then adding these vectorially. 
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TaBLe 5.—Free-air resultant winds at San Juan, P. R. 


[Velocity in meters per second] 
Spring Summer Autumn Winter Annual 

Altitude 
(meters) Ve Ve- Ve- Ve Ve- 
‘Direction | loc- |Direction | loc-|Direction | loc-/Direction | loc- |Direction | loc- 
ity ity ity ity ity 
Surface...| 8-73-E 2.3| S-59-E | 1.9) S-19-E | 1.5] S-22-E S-42-E | 18 
8-79-E 8.3) S-73-E | 7.7| S-73-E | 5. E 7.0 S-76-E 6.5 
1,000_..... S8-75-E 8.2) S-77-E | 8. 72-E | S-78-E 7.3| 8-77-E | 6.7 
2,000... 2-E S-75-E_| 6.7| S-75-E | N-88-E | 4.5) 8-77-E 4.8 
3,000_..... N-89-E 3.5) S-82-E 3.4) 8-73-E 2.0) N-73-E 2.8 8-82-E | 2.7 
4,000. ..... N-85-E S-80-E | 3.5) S-71-E 1. 4| N-67-E 1.7} 8-82-E | 2.1 
§,000...... N- 5-W | 0.7| N-88-E | S-54-E | 0.6) N-88-E 0, 2| 8-88-E 1.2 
N-43-W | 2.4) N-84-E | 1.4) N-39-W | 0.4) N-14-W/ 0.8) N-31-E | 0.6 
7,000. N-55-W | 5.0) N-34-W | 0.6) N-34-W | 0.9} N-70-W 3.4) N-51-W 1.2 
8,000... | N-64-W | 8,8) N-52-W | 2.0) N-50-W | 1.6) N-81-W 5.0) N-61-W | 2.7 
9,000... .... N-66-W | 11.5; N-69-W | 2.2) N-46-W | 2.9) N-77-W! 9.0 N-62-W 4.0 
10,000_.__. N-74-W | 16.7| N-75-W | 3.2) N-30-W | 4.6) N-76-W | 14.6) N-64-W | 6.0 
11,000_.... N-72-W | 16.8) N-68-W | 4.0; N-50-W | 5.4; N-76-W | 19.7| N-76-W | 6.0 
N-72-W | 16.9| N-64-W | 3.8) N-47-W | N-80-W | 20.0) N-61-W | 6.7 
N-72- 19. 4; N-80-W | 4.4) N-59-W | 6.4) N-75-W | 16.8) N-68-W | 7.1 
14,000___.. N-57-W | 16.4) N-86-W | 4.1) N-55-W | 3.6) N-17-W | 18.7; N-65-W | 5.8 
000... ... N-68-W | 20.8) N-61-W | 8.1) N-60-W | 4.4) N-17-W | 16.9) N-52-W | 7.8 


The proportion of clockwise to counter-clockwise east- 
to-west shifts, which generally occur near the 6-kilometer 
level, was tabulated for each season. An average of 
65 per cent turn counter-clockwise in the winter and 
spring months, and 54 per cent during summer. In the 
autumn, when the southeast trades are deeper, 52 per 
cent of the shifts are clockwise. 


TaBLe 6.—Free-air resultant winds at San Juan, P. R. (1926-1931) 
[Velocities in meters per second] 


Obser- 
(meters) | Direc Direo- | Direo- Direc Direc. | tion 
loc- loe- loe- loe- loo-|, #008 
tion ity tion ity tion ity tion ity tion ity 

Surface...| S-83-E| 2.5} $-82-R) 2.9} S-65-E] 1.6) N-86-E| 2.7) S-82-E| 2.5) 1,725 
500... 8-8I-E| 7.9| S-83-E| S-86-K| 7.6 N-82-E| S-87-E| 7.6) 1,725 
1,000.....| S-79-E} 7.9} S-78-E) 9,6; S-83-E) 6.7| N-84-E) S-84-E) 8.0) i, 709 
2,000. 8-81-F} S~-78E) 8.6} 8-83-E| 5.3) N-82-E) 6.3) 6.1) 1, 496 
8-78-E| S-81-E) 2.5) N-66-E| 2.6) S-85-E} 2, 985 
6,000... N-78-W| 4.8) S-76-E| N-50-E) 1.0) N-54-W/ 2.9) N-59-W| 1.3 668 
8,000_-_.. N-72-W| 8.9} N-65-W} 1.1) N-15-W) 1.8) N-74-W] 8.9) N-66-W) 4. 458 
10,000. ..| N-65-W}|16. 8) N-71-W/} 3. 0| N-25-W} 5. -71-W/16. 4| N-61-W) 6. 305 


Table 6 shows the resultant winds based on all the 
observations obtained from 1926 to October, 1931. From 
the surface to 1,000 meters the number of observations 
in this group is 7 alg a 1,700. The number 
decreases as the higher levels are approached until! at 
6 kilometers it is only slightly in excess of the number 
used as the basis for Tables 4 and 5. Differences in the 
two sets of averages appear inconsiderable and indicate, 
in the main, only a difference in the wind-shift level. 
Thus, in Table 5 the first westerly component (annual) 
appears at the 7-kilometer level, while in Table 6, with a 
somewhat greater number of observations as a basis, the 
north-by-west winds occur first at the height of 6 kil- 
ometers. Presumably, therefore, the average reversal 
level for the year over a long period is somewhat under 
6 kilometers. 

In October, 1931, conditions were favorable for ex- 
tended upper-air observations as is generally true of the 
autumn period. An observation of particular interest 
occurred on October 21, 1931, the horizontal projection 
of which appears as Figure 3. Conditions on the morn- 
ing of the flight were normal at the station, barometer 
29.97 inches (sea level), temperature 76° F., surface wind 
from the southeast, velocity 4 m.p.s., and visibility 7 
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3] are N. by E.). The pressure in all three instances was 


(good). To the north a cyclonic disturbance of moderate ) ‘ 
generally high throughout the north and middle Atlantic. 


development, which had moved up from the western 


Caribbean between the seventeenth and twentieth, 


lowest pressure 29.7 inches, was central on the morning \ < 
13 13 \22 15 Bu 
20 tio: 
the 
10 12 v2 
Me 
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10 12 20 12 at 
10 ret 
ret 
0 10 // = 
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of the 21st at latitude 29° N. and longitude 68° W. The = ¥ 
he winds were southeast to south to southwest an 
west up to 7.6 kilometers; at 8 kilometers they shifted | 9 < ¢ SJ 
to north and northeast, and were light to 9.5 kilometers, N 
then northwest. west, and southwest to 10.5 kilometers. 
Between 10.7 and 16.5 kilometers there was an east com- W 6 7 9 7 
ponent—ESE. to SE.--shifting to SSW. at 16.6 | 
meters, with a marked increase i” velocity to 29.5 m.p.s. 
from SSW. at the maximum altitude of 17.9 kilometers. \ 
The southerly component presumably was due to the 7 8 ES) IS SZ 6 
barometric depression to the north of the station. Three \ 
~ eltitude 4 
LY 
ge 
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meters and tenths indicated along the curve) 0 3 2 No No We si 
other flights during this same month were observed to ticie. va \ tr 
elevations of 15 to 17 kilometers, and each showed a | so 
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od component of the wind at its maximum alti- 


tude. he average winds at 17 to 18 kilometers [Table 


FIGuRE 2.—Average free-air winds, direction, and velocities (m.p.s.) at San Juan, P. R. 
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SOUNDING-BALLOON OBSERVATIONS AT ROYAL CENTER, IND., DURING THE 
INTERNATIONAL MONTH, SEPTEMBER, 1930 


By L. T. SamvuEts 
[Weather Bureau, Washington, D. C., July, 1931] 


In cooperation with the International Commission for 
the Exploration of the Upper Atmosphere the Weather 
Bureau conducted a series of sounding-balloon observa- 
tions at the Royal Center,' Ind., aerological station during 
the international month, September, 1930. The same 

eneral program was followed as at Broken Arrow, Okla., 

uring December, 1929, and the reader is referred to 
Monthly Weather Review, August, 1931, for further 
details regarding this. There were 36 balloons released 
at Royal Center and 34 (94 per cent) of the instruments 
returned. This is probably the highest percentage ever 
returned for a complete monthly series in this country. 
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FicuRE 1.—Landing places (with dates of ascent) of meteorographs released from Royal 
Center, Ind., during 1930 


The altitudes determined were, in 
general, slightly higher than those computed trigono- 
metrically from the 2-theodolite observations, the 
ences averaging less than 5 per cent. 

The average maximum altitude reached during the 
series was 12,122 meters and the extreme maximum alti- 
tude reached was 23,846 meters, on the afternoon of the 
sixteenth. 

Following are some of the significant features of the 
tropopause obtained for the more recent monthly series of 
sounding balloon observations made in this country. (See 
Figure 1.) 


1 Lat. 49° 53’ N., long. 86° 29’ W, 


fen. 


Mean | Maxi- | Mini- 
Mean in 
Date of ature jheight of} tropo- 
tropo-| | | | 
pause | pause 
Meters; °C. | Meters | Meters | Mi 
Royal Center, Ind__.__ September, 1930_| 12,914 | —59.3 | 14,615 | 10,808 3, 717 
Broken Arrow, Okla!_.| December, 1929_} 10,083 | —54.0 | 12,212 7,728 4, 484 
Groesbeck, Tex. ?._.___ October, 1927....; 14,823 | —65.5 | 17, 467 11, 695 5, 772 
Royal Center, Ind.*__..| May, 1926......_| 12,011 | —58.4 | 15,840 8, 878 6, 962 


1 MONTHLY WEATHER REVIEW, August, 1931, pp. 297-309. 
2 MONTHLY WEATHER REVIEW, June, 1929, pp. 231-246, 
3 MONTHLY WEATHER REVIEW, July, 1927, pp. 293-307. 


The mean temperature curve for the month together 
with the altitude and temperature of the tropopause for 
the individual observations and the corresponding dates 
are shown in Figure 2. The maximum monthly average 
lapse rate and the altitude at which it occurred is given 
below for the more recent monthly series of sounding- 
balloon observations in this country. 


Altitude 
Maximum 
Date average 

lapse rate ence 

°C/100 km. 
Royal Center, Ind.................-...- September, 1930_...... 0.77 9-10 
Broken Arrow, December, 1929_....... 6-7 
QGroesbetk, October, 1927.......... 79 7-8 
Royal Center, -71 7-8 


1 MONTHLY WEATHER REVIEW, August, 1931, Pp. 297-309. 
2 MONTHLY WEATHER REVIEW, June, 1929, pp. 231-246. 
3 MONTHLY WEATHER REVIEW, July, 1927, pp. 293-307 


In Figure 3 are shown the individual temperature- 
altitude curves. The surface temperature is indicated at 
the bottom of each curve and the temperature at the 
maximum altitude at the top. The wind directions when- 
ever observed are indicated for the standard levels ad- 
jacent to the corresponding curves. 

In Figure 4 are shown the free-air isotherms for the 
month with the dates indicated across the top. The 
temperatures in the upper portion of the troposphere did 
not fluctuate greatly from day to day. In general, they 
became higher when the sea-level pressure was low and 
ed versa, 1. e., lower when the sea-level pressure was 
Attention is invited to the successive increase in height 
of the tropopause from the afternoon of the sixteenth to 
the afternoon of the nineteenth as shown in Table 1. As 
would be expected, the prevailing pressure distribution 
over a region changed from low to high during this 
period. 

Figure 5 shows the mean wind velocity and direction 
curves for the month. The mean velocities and mean 
directions were determined independently of each other. 
It will be noted that the mean velocity reaches a maxi- 
mum (38.5 m. p. s.) at 12 kilometers, i. e., just below the 
mean altitude of the tropopause. Above this elevation 


the mean wind velocity decreases at practically the same 
rate it increased in the troposphere. 

The mean wind direction veers from southwest near 
the surface to slightly north of west from 2 kilometers to 
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kilometers where it backs to slightly south of west 
above. 

Figure 6 shows the mean free-air relative humidity for 
the month. These data, however, must be accepted with 
reservation above 7 kilometers elevation on account of 
the uncertainty of hair hygrometers at low temperatures. 
It is known that the lag of hair hygrometers increases as 
the temperature falls below —15° C. 

In Table 2 are given the tabulated data of the indi- 
vidual ascents. ‘The elevation of the tropopause has 
been indicated in each case where it was observed. 

References to previous sounding-balloon series made in 
this country may be found in Montaity Weatuer Re- 
view, July, 1927, June, 1929, August, 1931. 
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FiGURE 4.—Free-air isotherms (° C.) observed at Royal Center, Ind., during September, 
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£0 GO 40 TaBLe 1.—Summary of sounding-balloon observations made at Royal Tat 
Center, Ind., during September, 1980 
22 Stratosphere Observations — 
Maxi- Mini- 
em. | {temper 
a) em- elg. 
90th Mer. |Height| per- |reached,| | Direo- 
of base| ature |M.8.L.| "© 2-the- | 1-the- | tance | tion 
M.S.L.| at “| corded | odolite | odolite| from | from me! 
oe station | station 
£0 
Meters} °C. | Meters | °C. | Min. | Min. | Km, P.1 
1 | 4:26 p. m...| 14,085-| —60.8 | 15,343 | 74 145| ENE. 4:15... 
2 | 11,751 | —46.1 2 2| 134| E. 
3 | 4:03 p, 13,449 | —64.1 | 16,932 | -65.9 63 75 | 12|E 
4 | 490 5,422} —83 32 32 7| SE 4:18. 
5 | 4:00 p. m...| 13,771 | -60.7 | 14,774 | —60.7 7 7| 105| E. 4:19. 
6 | 3:59 p. m_.-| 13,535 | —66.0| 13,879 | —66.0 24 130) E. 
7 | 4:00 p. 14,498 | —57.3 0 0} 125/E. 4:20. 
/8 8 | 4:00 p. 6,973 | —16.2 59 78| 165 | ESE. 4:21. 
211,508 | —44 84 96 210 | ESE. 
10 | 4:06 p. m_.-|..-....- | 215,453 | —64.1 53 53 70 | ESE. 4:25. 
11 | 4:16 p. m.--|.......- Be, 11, 048 | —39.0 56 56 20 | ENE. am 
12 | 4:09 p. m_._| 14,615 | —62.5 | 19,028 | —65.8 79 1 145 | E. 4:29 
13 | 4:02 p, m_--| 14, 183 | —59.2 | 15,898 | —60.1 60 70 ENE. 4:33. 
14 | 4:18 p. m___| 13,071 | —61.3 | 15,495 | —64.3 17 18 ENE. 
15 | 6:16 a. m.__| 13,248 | ~66.5 | 13, —66. 5 0 0} 155| ENE. 4:39. 
15 Dy 5,925 |.....--. 22 23 140 | NE. 4:41. 
16 | 11, 675 | —50.3 21 21} 310} NE. 
/6 16 | 4:01 p. m.__| 10,898 —45, 2 846 | —58.0 6 6 160 | ENE. 4:46. 
17 | 6:26 a. m.__| 11,267 | —54.4| 15,148 | —59.6 22 65| 170| E. 
17 | 4:13 p. m__-| 11,766 —53.8| 15,141 | —62.4 34 38| 225| ENE. 4:48. 
18 | 6:33 a. m__.| 12,024 | —56.9| 15, —60.9 42! 105| 4:51. 
18 | 4:01 p. m___} 12,534 | —58.1 | 15,208 | —62.7 69 72 95 | ENE. 
19 | M. —47.5 18 74 95 | ENE. 4:58. 
19 | 4:10 p. m___| 12,552 | —58.0 | 215,519 | —63.5 63 66} 120] E. 
20 | 0068. 1,271 | —51.0 9 9 105 | ENE. 
20 | 4:10 p. 26,709 | —16.6 40 £. 5:08... 
/A 21 | 4:27 p. m...|.-...-<. 2 211,057 | —51.9 37 4) 195 | E. 
| p. 98,825 15 17| 115| ENE. 
uj 3:58 p. 14,357 —69.9 18.461 —69.9 12 250 ENE. 5:20... 
of Trgoopause 28 | 4:00 p. m___ 11,996 | —59.7 | 213, 488 | —60.3 42 190 | 
29 | 4:02 p. m_..)........ ia tyra 2 —57.6 15 41 145 | SE. 4:03. 
30 | 4:04 p. 213,591 | —57.5 44 49 SE. 
Ss 1 Pressure trace failed at this altitude. 
? Maximum altitude from 2-theodolite observation. 
3 Not found. : 
RS) TaBLE 2.—Tabulated data of sounding-balloon ascents at Royal 
K » Center, Ind., during September, 1980 4:18. 
RA 
SEPTEMBER 1, 1930 4:22. 
4:24... 
Humidity| Wind 
4:30... 
Time > 
= 
2 
P. m, M. Mb. P.ct.| Mb. M.p.s. 4:53... 
4:26... 225 | 991.4] 27.9 71 |26.71 | sw. 3.4 2Cu., SW; 
500} 955.3} 25.6 77 |25.30 | wsw 7.1 | Clouds increased 
1,000| 907.2| 21.5 87 sw. | 116| to4 Cu. at 4:40p. 4:50. 
4:31..-.| 1,120| 895.2] 20.5] 90 /21.72 | sw. 11.9 m. 
6 1, 500 | 856.9 | 83 |17.80| sw. | 127 5:04... 
2,000} 807.4| 75 |13. 64 | sw. 88 
4:36.....| 2,041! 8041] 16.8] O51 | 74 13.29 | sw. 8.8 5:10... 
2,500; 761.5 | 13.9 67 |10.65 | wsw.| 5.1 
3,000 | 727.4] 11.9 60/836) wnw.| 51 5:14... 
4:42... 3,050 | 7135) 11.7/ 041 | 50/811) wnw.| 53 
4,000 | 636.6| 7.3 39 | 3.99 
4:49... 4,119 | 627.2 8/046 | 3.56 
4:52.....| 4,627| 589.3) 22] O91 
4 5,000 | 561.9 | —@3 4:09... 
5,669 | 517.1| 0.68| 1.47 
6,000 | 494.7 | —7.5 
6,285 | 477.9| —9.7| 36/097 4:14... 
7,000 | 445.0 113.4 34 | 0.66 
5:13... 7,856 | 388.8 —17.9| 31 0.30 4:17. 
8,000 | 381.7 —19.1 4:18. 
5:20..... 8,961 | 3346 —27.1) 0.83 | 27 | 014 4:19. 
9,000 | 3328 —27.5 |....... 27 | 0.13 |. 
q 5:24.....| 9,715 | 3009 —343/°095| 28| 0.07 
2 10,000 | 2888 —36.2|...._.. 27 | 0.05 |... 4:23... 
10,170 | 281.9 |—37.4| 0.68} 26| 0.04 
11,000 | 249.4 |—43.7 26 | 0.02 4:29. 
5:34_....| 11,248 | 240.6 45.6} 0.76} 26} 
12,000 | 2143 |—50.7 |....... 26 | 0.01 4:35... 
5:41... 12,345 | 203.6 |—58.0| 067 | 26} 0.01 
13,000 | 183.9 |—66.7 |_...... (i 4:41. 
5:47... 13,208 | 177.9 —57.9| 26) : 
14,000 | 157.3 |—60.7 |....... 25 
£0 50 60 70 15,000 | 133.6 |—62,2 |....... 
elative twyinidity (%) 6:08.....| 15,943 | 198.8 |—o1.4 0.8") 
Figure 6.—Mean relative humi ge cent) for 
Beptem ber, 1980, Royal Center, 1 Leas than 0.01 mb, 
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TaBLe 2.—Tabulated data of sownding-baloon ascents at Royal 
Center, Ind., during ty 1930—Continued 


SEPTEMBER 26, 1930 


NovemMsBer, 1931 


T 2.—Tabulated data of soundi 
Center, Ind., during 1930—Continued 


SEPTEMBER 28, 1930—Continued 


‘wt 


Humidity| Wind Humidity} Wind 
Remarks 90th Remarks 
mer. 3 5 
= 3 = > 
< = > Al> < 
P.m.| M. Mb. | °C. P.ct.| Mb. M.p.s. P. M. Mb. | °C. ct.| Mb. Mp.s. 
225 | 980.7) 11.2 69 | 9.18 | w. 9.4] 10 St. Cu., WSW. 8,613 | 334.7 |—35.4| 0.70 0.06 | wnw.! 26.8 
411 | 959.1) 11.0) 0.11 73 | 9.58 | wsw.| 13.5 9,090 | 316.8 |—38.5 27 | 0.04 | wnw.| 24.7 
500; 953.6 10.2 |......-. 76 | 9.45 | wsw.| 15.7 10,000 | 273.2 |—46.5 26 | 0.02 | wnw.! 30.7 
1,000; 8926 | 8.48 Base of St. Cu= 10,503 | 253.0 |-50.5 | 0.80 | 25|0.01| wnw.| 20.1 
4:07....| 1,242} 867.0/ 3.6] 0.89 | 100! 7.90 867 M. m.s.l. 11,000 | 234.1 |—53.6 25 | 0.01 | w. 26.7 
1,500) $39.3) 99 | 7.00 4:37_...| 11,996 | 200.4 |-59.7/ 0.62} () | w. 40.0 | Tropopause. 
2,000 788.0 | —0.5 98 | 5.74 13,000 | 171.0 |—60.1 25 w, 31.4 
4:15....) 2,492) 7421) —3.2) 0.54) 96 4:41___.| 13,423 | 159.6 |-60.3 0.04 | 25 26.7 
2,500 | 740.8 | —3.0 |....... 04 | 4.48 w. 26.0 
—0.46 | 55 | 3.54 
000 696.0 | —0.5 58 | 3.40 SEPTEMBER 29, 1930 
4:23... ----- 4:02....| 992.1 17.0 47 | 9.11 | 4.2| Few A. Cu., W. 
ARH 500 | 960.0} 14.4 51 | 8.37] nnw.| 6.0 
4:27....| 4,461 | 579.4) —2.6/ 0.12) 37 | 1.82 1,000} 905.2| 9.7 |-..---- 60 | 7.22 | nnw 4.3 
6,000 | | | 1.23 4:06....| 1,261 | 876.7) 7.2] 0.95| 64|650|/nw. | 7.3 
83) 4:07--.-| 1,476 | 854.1! 7.5|-0.14| 64 | 6.64| nw. | 10.9 
ses 1,500| 851.5| 7.4]-..-... 64 | 6.59} nw. | 111 
| |------ 2,000} 800.1) 64 | 5.78 | wnw.| 17.0 
4:42....| 7,211 | 406.9 |-15.8) 0.66) 13 | 0.20 4:09....| 2,148 | 786.9} 49] 0.30) 64 | 5.54] w. 19.3 
$000 | 206.6 12 | 0.24 2,500| 755.0) 3.2]....... 60) 4.61|w. | 21.6 
0...) 4:11....| 2,539] 750.0; 30/048] 60/455|w. | 216 
3,000 | 709.7 | —0.7 |-..-..- 68 | 3.92] wnow.| 23.7 
S70) 4:15....| 3,353 677.5 | —3.5| 0.80) 74 3.30 | wnw.| 25.1 
om 4:16-..-| 3,760 @42.7 | -4.9| 0.34 | 50 | wow.) 23.0 
§:02_..-| 10,948 | 241.3 |—40.2 |-0.34 mide. 4:17....| 3,923 | 630.3 —4.5 |-0.26 | 43 | 1.81 
11,000 | 239.9 |—40.6 14 | 0.02 
12,000 | 206.6 |—48.4 |....... SEPTEMBER 30, 1930 
1,500 | 856. 5.1 nnw onable; ° 
000 | 805.0 nnw. 
4:00....' 225) 990.5) 17.0 6.40 | w. 5.7 | Cloudless. 4:11... 330 782.4} 5.5|—061| 39| 3.52] nnw.| 11.6| observations; 
500 | 957.5) 14.5 35 | 5.78 | w. 8.2 2,500 | 757.0| 5.8 |.-...-- 33 | 2.94 | nnw.| 10.6 ure  com- 
1,000 | 923.8) 10.1 ).......| 38) 4.70) w. | 104 2.547| 752.6| 5.3| 0.06| 32/285] nnw.| 10.4| puted from alti- 
4:08....) 1,241) 877.2) 7.9 40 | 4.26 | w. 11.0 4:12....| 2628| 745.2| 5.5|-025| 30/271] mnw.| 10.5] tudes and tem- 
1,500) 850.0) 5.7 |-.-.... | 3.94 | w. 10.8 4:14----| 3,002] 711.7] 5.0] 0.13] nnw.| 18.4] peratures. 
4:05....| 1,987) 800.5 1.7| 083) 48 3.31 | wow 15.9 4,000| 626.0) —1.3 |....... 31 | 1.70 | nw. 18.6 
32) | 5,000 | 551.1 | —7.5 1.11] nw. | 19.7 
4:06....| 2,169 | 782.6 3.4 |—0.93 | 30 2.34 | wnw 18.9 6,000 | 486.1 |—13.8 87 | 0.69 | nw. 20.2 
4:08....| 2,510 | 750.4 2.3) 0.32 3.46 | nw. 29.8 | Pressure trace ques- 7.000 | 427.0 |—20.5 |....... 38 | 0.38 | nw. 20.9 
4:09....| 2,902 | 714.6| —0.2| 0.64| 57 3.43 nw. 30.6 tionable; alti- 8, 000 372.5 |-27.4 |....... 38 | 0.19 | nw. 21.9 
3,000 | 705.0) —0.6 |.....-. 57 | 3.31 | ow. 30.6 tudes determined 9.000 | 323.2 |—34.3 |....... 38 | 0.09 | nw. 27.6 
4:11....| 3,751 | 642.2; —4.0/ 57/2.50) wnw.| 28.2 from 2-theodolite 4:33....| 9,531 | 299.1 |—38.0| 0.69 0.06 | nw. 26.7 
4,000 | 622.1 | —5.0 53 | 2.14 | wnw.| 28.8 observations; 10, 000 979.5 |\—41. 4 37 | 0.04 | nw. 25. 4 
4:13.-..; 4,353) 5949) —6.4) 0.40) 48|1.72| wnw.| 28.7 pressure com- 11,000 | 241.6 |—48.7 |....... 36 | 0.01 | wnw.| 28.0 
5,000 | 547.7 |—10.5 40 | 1.00 | wnw.; 29.8 puted from alti- 12, 000 206.6 |—56.0 |.....-. 35 | 0.01 | wnw.| 32.6 
4:17....; 5,790} 493.6 |—15.5| 0.63; 30/0.48 | wnw.! 25.8 tudes and tem- 4:43_...| 12.118} 202.4 |—56.9| 0.731 35 0.01] nw. 32.8 
6,000 ; 480.9 |—17.0 30 | 0.42 | wnw.| 21.5| peratures, 13, 000 |... nw. 34.0 
7,000 | 420.4 |-24.0 29 | 0.21 | wnw.) 23.2 13,591 | 
8,000 | 365.3 |—31.1 28 | 0.10 | wnw.| 30.2 
1 Less than 0.01 mb 1 Less than 0.01 mb. 


RECORD SHORT-PERIOD RAINFALLS IN FLORIDA 


V. 
[Weather Bureau Office, Tampa, Fla.] 


The following is a study of record rainfalls for 5, 10, 15, 
and 30 minutes and for 1, 2, and 24 hours, together with 
the maximum monthly amounts occurring on or near the 
coast of Florida, as determined from the data of the first- 
order Weather Bureau stations in that State. 

This subject is important owing to its value to archi- 
tects, engineers, and all engaged in the aviation industry. 
They desire to ascertain just what they may expect in 
the future as inferred from the records of what has 
happened in the past. 

Architects have to consider these values in planning 
the roofs and foundations of buildings. Engineers con- 
sider carefully the amount of run-off they may expect in 
the season of summer showers. In so far as may be 
considered justified, they allow a considerable margin for 
the exceptionally heavy rainfall. 

Since an east coast mail pilot was caught in the thunder- 
storm as reported by James W. Smith(Montaity WreaTHER 


Review, vol. 58, March, 1930, pp. 117-118) every com- 
mercial pilot in Florida has had an increased respect for 
these tremendous downpours of rainfall. The tendency of 
pilots, previous to that time, was to take off with their 
ship, try to find a ‘‘hole”’ in the thick weather and get the 
mail through to their destination. Since that time they 
have made many flights in weather that was far from 
good, but only after they had received reports assuring 
them of frequent breaks in the threatening weather 
confronting them. 

The tables show that by far the greater number of 
these record amounts occurred in connection with thun- 
derstorms. On the west coast of Florida, from Pensacola 
to Tampa, practically all the record falls occurred in 
thunderstorms, though the tabulated amounts for Apal- 
achicola indicate that tropical storms may be a factor in 
that record. The existing short-period records for 
Apalachicola are comparatively brief. It is believed that 
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a much longer record would eliminate tropical storms as 
the controlling factor, except possibly for the 24-hour 
and monthly amounts. 

It is interesting to note that the greatest monthly 
catch at Apalachicola, 27.73 inches in September, 1924, is 
only 0.13 inch less than the maximum for the State, 
reported by first-order stations, that is, 27.86 inches at 
Miami in October, 1908. It should be noted that this 
later amount was recorded before a first-order station was 
established at Miami. | 

Both of these extremely heavy monthly rainfalls may 
be traced to the passage of tropical storms. They are 
likely to stand for some time as records. 

It is thought that but few heavy rainfalls are recorded 
in Florida during the late fall and winter months. The 
tables, however, indicate that rains approximating an inch 
in 30 minutes may occur during practically all the months 
of the year, at all Florida stations, though it is evident 
that the short-period amounts are decidedly greatest in 
the summer and early fall months. 

The heaviest rainfall for five minutes, 1.05 inches, 
occurred at Tampa, in September, 1924, during an after- 
noon thundershower. The same storm caused a down- 

ur of 1.66 inches at Tampa in a 10-minute period. 

ensacola has the record for the next three periods, 2.27 
inches in 15 minutes; 3.63 inches in 30 minutes, and 4.27 
inches in 1 hour, all occurring during a thunderstorm in 
October, 1909. Key West, with a record rainfall of 7.08 


inches in two hoursstands well ahead of all the otherstations 


for that period. Miami has recorded the greatest amount 
in 24 hours, 15.10 in November, 1925. It, too, occurred 
in connection with a thunderstorm. 


Precipitation, record amounts 
APALACHICOLA 
E : 
5 minutes_..... 0. 40} 0. 0. 0. 56) 0. 0. 38} 0. 32 
K 
1928} 1 1 1927| 1927] 1 1924 
10 minutes....-| 0.61) 0. 1 0.88) 1. 15) 0.63} 0.50 
925 
928 1 1 1927) 1927| 1980} 1922 
15 minutes..... 0. L 1, 0.98; 1.38) 0.75} 0. 59 
R IRI Riki 
JOtcachenad 1925) 1 1923 1930 1927) 1 1922 
30 minutes_.... 1, 39) 1. 2. 27 1,38 2.10} 1.04] 0.80 
K K RIGR 
YOR 1 1930 1927) 1 
1 hour......... 2.06) 2.641 2. 1.75, 2.73) 1. 
K TD; } |GR 
1928} 1 1923) 1924) 1927} 1930) 1922 
2 hours. ....... 2. 66) 3.7: 2. 97 2. 47| 3. 2. 24) 1.50 
1929) 1 1 1924) 1927 1922 
24 hours....... 4. 04/10. 12 6. 02 
1928' 1 1 1925} 1906) 1927) 1918 
Month........ 13. 97,18. 9. 14, 09/27. 73) 9. 12 15. 88 
TD. 
1928, 1924] 1915) 1918 
Greatest amounts in 24 hours and for the month for period November 1903, to date. 
All other amounts for iod since July, 1922. No information available as to conditions 
attending rainfall to establishment of first-order station in July, 1922. 
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Precipitation, record amounts—Continued 


JACKSONVILLE 
: 
aid] & E Bis A 
5 minutes_._... 0. 0. 53} 0. 0. 57| 0.67) 0.67] 0. 78) 0. 0. 56 
1 1930} 1 1907| 1901} 1917| 1901) 1891 1905 
10 minutes... 0. 0.91} 0. 0. 94] 1,18] 1. 19] 1.20) 1. 18) 0.72 0.77 
1922} 1905] 1 1919] 1901} 1917) 1907} 1891 1905 
15 minutes..... 0.97} 1.25) 1. 1. 24) 1. 44] 1.65) 1.59) 1.54 0. 78 
1 1905} 1907} 1919] 1901| 1917] 1907) 1891 1905 
30 minutes._..- 1.53; 1.53) 1.21) 1.74) 2.07] 2.47) 2.13) 3 0.97 
1 1905] 1907} 1919} 1901} 1917] 1920! 1889 1927 
1.61] 1.89) 1.70, 2. 34) 3. 13] 2.93) 2.65) 3.1 1.27 
1902} 1930} 1 1903} 1901} 1917| 1920) 1889) 1927 
1.61| 2.23) 2.04) 3.78) 3.21] 3.01] 2.72) 3.14 1.60 
1 1930} 1 1903} 1901} 1917) 1920) 1907 1927 
24 hours. .....- 4. 4. 4. 9. 7.66} 4. 89] 6. 18] 9. 86 4.97 
1 1901} 1 1903} 1919] 1926] 1905) 1984 1916 
Month....-..- 9. 10. 00} 8. 14. 8018. 7914. 97/10. 7.76 
KEY WEST 
5 minutes- 0.53} 0.64! 0.65) 0. 53) 0. 0.39 
1904) 1925] 1899| 1912) 1926 1912 
10 minutes_._.. 1. 1. 03} 0.95) 0. 73 0. 73 
1 1899) 1926 1930 
15 minutes..... 1. 1. 30} 1. 25} 1.04) 1. 0.95 
Wears. 1904} 1925) 1922) 1926] 1926 1930 
Rik 
30 minutes..... 1.83} 2,24) 2.01) 1.49 1.64 
1904) 1925) 1922) 1926) 1926 1930 
1. 2. 78| 2.64) 2.00) 4. 2.38 
1 1929) 1 1916 1930 
Rik 
2 hours. ...-..- 2 3.45| 2.27| 2.89 2.61 
19 1929} 1912) 191 1930 
TD |TD}|TD 
24 hours... ..-.- 3. 5.83] 5.48) 7.46) 8.32/11, 95/11. 23) 8.86! 2. 93 
Weer 1 1904! 1900! 191 1879 
Month__...... 4, 13. 01)12. 97) 10. 89|15. 83/17. 29|19. 77/10. 82)10. 03 


Precipitations 24 hours, 60 years; 5 and 10 minutes and 1 hour, 34 years; 15 and 30 
minutes and 2 hours, 27 years. 


MIAMI 
R Rik Rik 
0.59 0.55] 0.62] 0.49] 0.53| 0.35 
1923 1930] 1924] 1922) 1925) 1918 
RIK RIK 
0.89 0.95| 0.98| 0.79] 0.781 0.66 
1923 1930} 1924] 1922| 1920! 1918 
1. 06] 1.32] 1.08) 1. 09] 0.88 
1919| 1914/1913 [z 1927| 1924] 1924 1918 
1925 [< 
TD! 
21 1, 53 1.86] 1.83| 2. 1.20 
1 1916] 1914] 1915| 1925] 1918 
TD | TD 
2. 83| 2. 77| 2.69| 3.50| 1.93 
1 1916| 1928) 1929| 1925) 1929 
TD|}TD|TD| 
4.73| 4.34] 4.66] 6. 11| 3.01 
19 1916] 1028) 1924| 1925] 1929 
TD|TD 
9. 6. 12/10. 58) 9.53/15. 101 5.31 
1 1926| 1916| 1929] 1924) 1925, 1929 
18. 18. 2918 71120, 89:27, 8617. 7212 08 


Number of of record for excessive precipitation, includi: test in 24 hours, 
20. Number bed of record for — monthly for Weather Burean 
record; 37 for y records. 


R IR 
5 minutes......| 0.29) 0, 58 
R 
10 minutes.....; 0,50) 0.97 
15 minutes.....| 0.71) L1 
Year...........| 1926) 1 
30 minutes.....| 1.13) 1.74 
Lhour.........| 1.76) 2. 
2hours........) 3.07) 2.51 
24 hours.......| 6.69) 2.51 
Month.....-../ 7.93) 5.91 
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Precipitation, record amounts—Continued 


Novemser, 1931 
Precipation, record amounts—Continued 


PENSACOLA TAMPA 
5 minutes......| 0.51| 0.61, 0.59| 0.64, 0.57] 0.46 0. 60| 0.57| 0.78) 0.65 0.62 0.47] 0.66, 0.55 0.70) 1. 1. 05 0.44) 0. 42 
1929) 1912} 1912) 1912} 1915, 1916) 1924) 1915| 1920) 1909, 1914) 1916 1904| 1927, 1900 1930 1924 1903] 1907 
10 minutes...__ 0.71, 6.94; 0.97] 1.15, 1.01) 0. 79| 0.87] 1. 13| 0. 1.55| 1. 16| 0.92 
Kiki KR IRIRIRIRIRIRIR 10 minutes.....| 0.65 108 1.05 Li? 1, 66 0.69) 0.82 
1918| 1912, 1912| 1912) 1915] 1916| 1908] 1915] 1920| 1909| 1914| Year..........- 1904] 1927) 1 1930 1924 1911! 1907 
15 minutes.....| 6.80 0.96| 1. 19 1.49) 1.31) 1.10 1. 20) 1. 27) 1. 37| 2.27| 1.64| 1.04 15 minutes____. 0.73] 1.26 1.40 1.58) 2.08 0.82| 0.94 
1918 1912, 1912| 1912) 1915, 1916| 1906| 1915| 1920, 1909| 1914| 1916 Year........... 1909| 1927} 1 1930 1924 1911| 1907 
30 minutes.....|_ 1.07) 1.30, 1.55] 2 1,97, 1.72 2.17] 1.90) 2.25] 3.63, 2.20/ 1.17 1.96, 1.50 2.00 2.44 1.31] 1.33 
1008 1926, 1912] 1919} 1915 1907| 1916] 1906| 1909| 1914| 1909 aor 1921 ai 182s 1807 
1 hour.......-- 1.64) 1.48) 3.01) 3.10, 2.43) 2.23 3.33] 3.01] 3.73) 4.27) 9.17] 1.69 1.28) 2.17) 1.65 274 2.76 1. 1.98 
Riki 1904} 1927; 1900 1902 1924 1925} 1907 
1903! 1926] 1912] 1919} 1915' 1916} 1907| 1922) 1906| 1909) 1903] 1905 z 
Rik 2 hours........ 1.60} 2. 2. 49 3.04 3. 22 2.04) 2.76 
2 hours.....-.- 2.58) 1.84] 3.98] 4.38) 2.62 2.43) 3.96] 6.14) 4.82| 5.03/ 1904| 1927} 1930 1902 1907 1925} 1907 
1903) 1926] 1912) 1919, 1915 1916| 1907| 1919| 1906| 1909| 1903 1911 zIRIR Rik 
24 hours....... 3. 5.05| 8.91) 5. 63.10.70. 5.01| 9.60. 8. 56| 7.30) 7.66| 4.32 24 4.061 5.62 3. 55 6.56 4. 18| 3.93 
RUE RTD Riz 1914! 1902) 1930) 1923 18 1916, 1907 
188i] 1881) 1013) 1919) 1015, 1887, 1806) 1819) 1926) 1939) 1914) 1911 6.73| 6.27; 9.87 8.41 18. 4.85) 7.36 
1 month....... 9.97/12. 53} 13.37/13.90| 9. 92.14. 11/17. 90/18, 52.18. 65/14. 66/14. 82/11. 06 
| Coe | 1 Amount exceeded this year, 1931, —4.25, 
* 2 days after tropical disturbance. 


EDWARD H. SMITH ON THE SCIENTIFIC RESULTS OF THE MARION EXPEDITION 
OF 1928, TO DAVIS STRAIT AND BAFFIN LAND 


By W. F. McDonaup 
[Weather Bureau, Washingten, December, 1931] 


Since its establishment in 1913 as a result of the 
Titanic disaster, the international ice patrol has been 
collecting scientific data on the oceanography of the ice 
regions of the North Atlantic as an adjunct to its primary 
work of scouting for bergs and warning shipping of 
dangerous ice movements. 

Lieut. Edward H. Smith has for more than 10 years 
been concerned with the scientific aspects of the ice-patrol 
work. In his latest monograph on scientific results of the 
intensive oceanographical survey conducted by the Coast 
Guard cutter Marion during the 1928 patrol season, he 
sums up not only the fruits of his own extensive observa- 
tions and researches but also includes a comprehensive 
survey of world literature on the subject of polar ice and 
ice movements. 

The work, published as Part 3 of Coast Guard Bulletin 
No. 19, includes original contributions by Lieutenant 
Smith toward the solution of such complex questions as 
the following: In what manner does ice from the Polar 
Basin, Baffin Bay, and Hudson Bay, contribute to supply 
the North Atlantic? What is the annual variation in ice 
limits and number of icebergs? In what proportions do 
wind and current enter to control the drift of icebergs? 
Is the effect of ice melting in northern waters a factor 
of importance in the main system of oceanic circulations? 
What meteorological and other factors govern the prob- 
able seasonal prevalence of ice along the trans-Atlantic 
steamer routes? 

The chief source of the icebergs that drift to the steamer 
lanes is conclusively demonstrated to be the great Green- 
land glaciers of the Baffin Bay region. Major productiv- 
ity of bergs is confined to the 300-mile stretch of west 
Greenland coast, central on the seventieth parallel of 
latitude, and comprising Northeast and Disko Bays, but 
a lag of some months and in some cases years intervenes 
between the calving of bergs and their final disappearance 
in the waters off Newfoundland. The character of the 


weather during the life of a berg has much to do with 
determining the route over which it drifts, and also its 
rate of melting. 

Lieutenant Smith demonstrates that the quantity and 
disposition of the great sheets of relatively thin ice, 
classed as “pack ice” is a most important factor in the 
number of bergs which reach the vicinity of the steamer 
lanes. Sheet ice forms annually to an estimated average 
thickness of six feet over an area believed to be between 
400,000 and 500,000 square miles contributory to the 
northwestern Atlantic. The amount of pack ice formed 
depends directly upon the severity of the winter tempera- 
tures, and perhaps less directly upon other meteorological 
conditions (such as storminess) which affect the set of 
the circulations and the mixing of water masses. 

Being sheetlike in structure, pack ice responds readily 
in its movement to wind; in this respect it is perhaps the 
most responsive of all oceanographic phenomena to 
meteorological conditions. 

Icebergs are not so responsive to wind, because the 
exposed portion is only a small fraction of the total mass. 
However, the shape of the berg appears to be quite im- 
portant in this connection since its manner of drift 
seems to depend on the ratio of extreme height above 
water to the maximum depth of immersion rather than 
upon the relative masses above and below the water line. 

The average ratio of height above water to draft in the 
case of the usual type of Greenland bergs is reported to be 
much less than commonly supposed. "Phe ratio of 1 to 3 
is common in the earlier stages and as low as 1 to 1 has 
been measured in certain horned or winged disintegra- 
tion forms. 

It is apparent from these and other analogous facts 
that in general the drift of icebergs is more subject to 
the influence of sea currents at some depth than to the 
pressure of wind. Smith adduces quantitative data in 
respect to the relative importance of wind and current 


and 

Ba, 

of ¢ 
7 

sim 

= 

“D 

sho 

aste 

witl 

lon, 

amc 
the 

of i 
pac 

iceb 

of 

our 

that 

Si 

atm 

Iv i 

of 

into 

fact 

aly 

Be ac 

er 

an 

Gre 

favc 

the | 

the 

witk 

ome. 

cate 

vari 

ela 

of s 

dyni 

. tion: 

cycl 

ulf 

As 

ocea 
‘ 

pers 

es cuss} 


NovEeMBER, 1931 


and his conclusion is best stated in his own language, as 
follows: ‘‘The deeper draft bergs common to Baffin 
Bay are moved only 4 miles a day by wind, force 6 to 7. 
In the case of the deeper bergs drifting within the bounds 
of an ocean current such as the Labrador current, small 
influences due to frequently shifting winds are masked by 
simultaneous movements imparted by the much steadier 
and more enduring slope current.” 

The variation in drift, to the right of the wind direction, 
under the Ekman effect, is stressed, and it is stated that 
“During a period of even moderate to fresh winds the 
shoaler berg will drift about 14° to the right of the 
heavier in 24 leave the some 4 miles 
astern, the bergs alternately separating and co ating 
with the play of the winds.” This shows conclusively the 
major influence of the stable ocean currents rather than 
the winds, in producing the steady travel of bergs over 
long periods of time. 

trong evidence supports the conclusion that the 
amount of pack ice moving down the Labrador coast to 
the Newfoundland banks is a major factor in the arrival 
of icebergs in the same vicinity. It seems that the ice 
pack covering the shallower coastal waters fends off the 
icebergs and keeps them moving southward; contrari- 
wise, with coastal waters free from pack there is strand- 
ing and melting of bergs before they attain the region 
of the Grand Banks. The year 1928 was marked by a 

at scarcity of pack ice and also of bergs off New- 
oundland, while a close estimate in that year indicated 


that over 700 icebergs were stranded between Belle Isle 


and Hudson Strait. 

Significant correlation is found between the winter 
atmospheric Dap aoa adient (December to March), 
Ivigtut to Belle Isle, and the spring crop of echoes south 
of Newfoundland. Forty-seven years of records enter 
into the computation. Other significant meteorological 
factors were found, including mainly the pressure anom- 
aly over Iceland, December to March, and the pressure 
mer October to January, between Iceland and 

ergen. The combination of these factors indicates that 
an excess of pressure in winter over Iceland and southern 
Greenland, oo rears in December and January, is un- 
favorable to the movement of icebergs southward toward 
the Grand Banks and the steamer lanes in the next spring; 
the opposite relation is unmistakable in its correlation 
with a greater number of bergs than normal, but shows a 
smaller correlation coefficient than that between excessive 
pressure anomalies and poor iceberg years. This indi- 
cates the influence of other more obscure factors, such as 
variations in air and water temperatures in the far north; 
variations in precipitation, and perhaps sporadic phe- 
nomena such as loosening of ice jams in the Arctic Archi- 
peliago or Smith Sound, in releasing unusual quantities of 


The Marion oceanographic program included a number 
of surveys to secure basic data for estimation of the 
dynamic — underlying current drifts and varia- 
tions. The results are of considerable interest to the 
meteorologist, in mae the presence of a dynamic 
cyclone in the sea where the Labrador current meets the 

ulf Stream near the ‘‘Tail of the Grand Banks,” about 
49° W. longitude, and 42° N. latitude. : 

As might be expected this cyclonic circulation in the 
ocean currents is of much smaller extent though more 
persistent than the usual atmospheric cyclone. In dis- 
cussing this peculiar local movement, which, it is worth 
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emphasizing, occurs in the region where the temperature 
gradient is at a maximum between the cold outflow from 
the Labrador current, and the warm flow of the Gulf 
Stream, Smith says: 


This “‘low,” covering an area of over 2,000 square miles, was first 
discovered by chance in 1921 by following an iceberg as it made 
the circuit. In 1926 the “‘low,” apparently similar in character to 
an atmospheric cyclonic depression, was accurately charted by 
several successive dynamic surveys, prevailing throughout the 
season. It was present also in April, 1927, but disappeared early 
that May * * *. In general, the agreement between the berg 
tracks that have actually n followed and the gradient currents 
for the same periods, respectively, is so close as to indicate that 
dynamic projections of this sort may be used as a basis for 
Pema the tracks that individual bergs are most likely to 

ollow. 

The current maps obtained by dynamic surveys have been found 
to remain reliable for-a period of 7 to 15 days around the Grand 
Banks. Minor fluctuations of short duration have often been 
observed, however, especially along the boundary of mixed waters 
and the Gulf Stream. Such swirls or vortices appear to be second- 
ary superficial tongues 5 to 10 miles in width and several times that 
in length and the tracks of icebergs, especially the small shallo w- 
draft ones, are often modified by such departures. 

Occasionally icebergs survive relatively long periods, even when 


floating in Atlantic Ocean water of high temperature, and they may 


then make phenomenal journeys. * * * These drifts, how- 
ever, do not indicate a direct extension of the Labrador current 
into low latitudes but simply that the bergs in question have been 
caught up in oceanic vortices that are continually forming over the 
Atlantic Basin, in which the ice is borne southward instead of 
following the normal drift. * * * As a matter of fact, it is 
unusual for a berg to drift south of the fortieth parallel of latitude 
in the western North Atlantic, the record for the past 20 years 
showing only 1 such occurrence every 1 to 3 years. 


‘In a footnote, the author adds: “It has already been 
pointed out that the outlet for icebergs departing on 
extra southerly drifts is noticeably confined between 
meridians 46 to 50, almost directly south of the Grand 
Banks.” 

The observations of icebergs and ice-pack movement 
past Newfoundland and along the Grand Banks rather 
conclusively disprove the existence of a branch of the 
Labrador current setting steadily westward or south- 
westward from Cape Race. The Gulf of St. Lawrence 
does, however, discharge pack ice and icy waters past 
Nova Scotia, and the supply of cold water from this 
source, plus the natural cooling processes, seem ample to 
account for the maintenance of a cold zone between the 
Gulf Stream and the New England coast. 

The study concludes with a most interesting and 
valuable discussion of the effect of northern ice on the 
temperature and circulation of the waters of the North 
Atlantic. Beginning with the estimate that more than 
1,000 cubic miles of ice are annually transformed from 
solid to liquid in the northern North Atlantic along a 
front from Spitzbergen to Labrador, there is an examina- 
tion of the propositions, which some students have ad- 
vanced, that the heat required to melt this enormous 
quantity of ice produces the chilling effect ‘which 
initiates great downpourings of cold bottom waters” and 
thus serves as the ‘‘main energizing agent responsible for 
the Atlantic circulation.” Lieutenant Smith examines 
these propositions with quantitative estimates of the 
factors involved. 

Of the sea ice present in the Davis Strait-Baffin Bay 
region (which abun the major iceberg production in 
the northern hemisphere) the glacial ice comprising the 
bergs is only 2 per cent. The remainder represents ice 
frozen from sea water, in which case the release of latent 
heat ‘‘produces a material retardation in the freezing 


a 
: 
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process, and this phenomenon, moreover, is of such magni- 
_ tude in the polar regions that it tends to stabilize the 
seasonal fluctuations.” 

It is clear from the small ratio of icebergs to total ice, 
that the discharge of glacial ice is of no practical moment 
in the cooling of sea water. Further, the fact that in 
vertical dimension, total sea ice is only about one-thou- 
sandth of the mean depth of the Atlantic shows how 
superficial the ice processes must be. Melting produces 
relatively light thaw water, which stratifies stably at the 
surface and creates a situation in which solar warming of 
the summer season is largely accumulated as a heat 
reserve in the upper layer of only 20 to 40 meters depth, 
underlaid by a tremendous mass of cold water represent- 
ing the net accumulations from winter cooling by radia- 
tion, within the great area of the Polar Basin and its 
adjacent waters. 

he radiation absorbed in the areas of open water, 
which is thus largely confined to the shallow top layer, is 
readily lost, with the onset of winter, and is not adequately 


compensated by the latent heat released by freezing of. 


new ice. These and other considerations lead to a quanti- 
tative estimate that only about 10 per cent of the total 
cooling received by the North Atlantic in the southward 
discharge of cold currents can be attributed to the cooling 
effect of ice melting. The final summations are best 
stated in the author’s own words, as follows: 


Obviously, the low temperature character of the Labrador and 
east Greenland currents is not due to the melting ice with which 
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these streams are charged in spring and summer. These ocean 
currents are cold because of the small amount of absorption of 
solar radiation at the earth’s surface in the polar regions. * * * 

It is interesting to note in the quantitative treatment of these 
northern seas phenomena that the cooling factors, viz, chilling by 
the winter atmosphere, ice melting, snowfall, and evaporation, 
when totaled, outweigh the solar warming of summer. * * * 
The great major effect therefore tending to maintain more or less 
of a constant counterbalance over a long period is the warm 
currents from the Tropics. * * * 

Perhaps it is because the ice catches the eye and the imagination 
more than do the coastal water masses with which it is ordinarily 
associated that its relative importance in the picture of oceano- 

phic circulation has been overemphasized. The ional 
ifference of density between coastal and oceanic waters is the 
main spring for the convectional currents. The winds also, by 
their direct frictional effeet, combined with the presence of the 
coast lines or other hindrances, develop significant slope currents. 
The transition zones, i. e., the continental edges, and the (sub- 
matine) ridges, mark the belts of greatest energy, and in the sea 
energy is synonomous with current. 

Ice melting over the North American and east Greenland shelves 
helps to accentuate the contrasts between coastal and oceanic 
waters, thereby intensifying the currents, but emphatically it is 
not ~ main cause of propulsion nor is it even a necessary attribute 
thereof. 


The bulletin is amply illustrated with diagrams, charts, 
and pictures but the lack of a good map of the north 
polar regions, fully identifying the geographic features to 
which frequent and repeated reference is made, is the one 
point of inadequacy found in this interesting and valuable 
contribution to oceanography. 


CLOUD FLIGHTS 
By A. Lour 
[Hamburg, Germany] 
[Translated by Eric R. Miller and abstracted by L. T. Samuels] 


The daily airplane observation flights made by the 
Deutsche Seewarte at the Fuhlsbittel airport have been 
classified and those made at times when the airplane 
passed through a solid cloud layer, i. e., when during both 
the ascent and the descent the earth was entirely cut off 
from view, have been egated. The percentages of 
such flights of the total dering 1928 and 1929 were 46 
and 44, respectively. 

The following features are mentioned: 

If the lower boundary of a solid cloud sheet consists of 
Fr. St. or Fr. Nb., then there is no great danger in emerg- 
ing from the cloud in descent as the turbulence existing 
near the ground, indicated by the Fr. St. and Fr. Nb., 
results in the partial dissipation of the lower boundary of 
low cloud forms. The Fr. St. or Fr. Nb. very frequently 
extends to within 100 meters of the groun and has a 
vertical thickness of 100 to 300 meters. With Nb. there 
follows immediately the transition to the continuous 
main cloud sheet, whereas with St. there is often observed 
a separate thick, clear, intermediate stratum between the 
Fr. St. and the dense continuous St. A far more dangerous 
condition to aviation occurs when the Fr. St. or Fr. Nb., 
stratum is absent and the base of the main cloud sheet is 
only 100 to 150 meters above ground. In such cases the 
cloud layer may often reach the ground in some places. 

The form of the upper surface of the cloud sheet is 
varied. On many days it appears like an entirely plane 
surface. At such times a strong temperature inversion 
always exists at its level. When a heavy accumulation 
of haze prevails over the upper cloud surface, then from a 
greater height the cloud layer appears as an absolutely 


smooth surface. Occasionally the upper surface is slightly 
rippled and shows an irregular structure, while at other 
times it is regularly waved. The wave crests may extend 
lengthwise for a kilometer but are never very high. 
of the types of clouds thus far referred to are an indica- 
tion of little or no vertical motion within the layer. 
Turbulence rolls such as occur in a St. Cu. layer are 
fundamentally different from the above-mentioned wave 
structure. In summer, it frequently happens that a hori- 
zontal upper surface is overtopped by single Cu. heads 
which indicate local and narrowly limited overheating. 
Such Cu. forms are frequently surrounded by cloud-free 
holes in which descending air creates rather strong ‘‘fall- 


bumpiness. 

he cumuli of convection exhibit a more stupendous 
form than the cumuli of turbulence. The former rise 
most steeply into the heavens and when illuminated by 
the sun conjure up marvelous pictures by their rugged 
lights and shadows. From them, occasionally, thunder- 
heads rise upward to 6,000 meters altitude. The stro 
bumpiness around the edge of such thunderheads is we 
known. Flying wae them can not be sufficiently 
warned against. Within such clouds vertical gusts 
reaching from 10 to 15 meters per second are encountered, 
while below an ordinary cumulus these velocities usually 
reach only 2 to 4 meters per second, the latter being very 
successfully employed in early gliding experiments. 

In connection with the vertical currents in upwelling 
Cu. heads there occur the “caps” over the Cu., the latter 
being composed mostly of ice mpage: Often the raised 
St. layers that are penetrated by the thunderhead spread 


1 Meteorologische Zeitschrift, September, 1930. 
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out at the flank of the towering head and may rise upward 
over the latter. At times the veil-like St. may be ele- 
vated throughout an extensive region by the underlying 
turbulent stratum so that it has the appearance from a 
greater height of a smooth stratus sheet in which the Cu. 
are embedded as soft fountain-like forms. 

In airplane observations it is often necessary to pene- 
trate a uniformly dense, formless cloud mass more than 
4,000 meters thick, when frequently it is impossible to 
see the tips of the wings of the airplane. An extreme 
case of this kind occurred on January 2, 1930, when upon 
descending, the airplane entered the cloud at 5,000 meters 
elevation and emerged from it at about 50 meters above 
the und. Such enormous cloud formations appear 
nearly always to be associated with the passage of a ‘‘wind 
convergence.” 

During one flight to 7,000 meters elevation, an — 
tunity was afforded to observe Ci. at close range. The 
impression obtained was that massive fall-stripes (Fall- 
streifen) are formed from Ci. clouds and that they (Ci.) are 


composed of ice crystals. 
During a night fight in the autumn of 1928 the gleam 


of light from the city appeared on the cloud surface with 
great clearness. 

It was occasionally found that the starting of the air- 
plane motor caused the “ripping open of a lane” in a 
ground fog. 

In Cu. of turbulence it was found that the rows ran 
mostly in long streaks some hundreds of meters apart, 
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parallel to one another, nearly in the direction of the 


wind. These rows often exhibited cross-rippling. 

Although flights within or under the “squall roll” are 
to be avoided, some flights were started shortly before 
an oncoming squall. It was found that over a breadth of 
3 to 5 kilometers in front of the ‘squall roll’’ there exists 
a strong vertical bumpiness, which disappears, however, 
directly above the “squall roll.” The area behind the 
“squall head” is, likewise, free from bumpiness. 

t was found to be very difficult to estimate correctly 
the height of clouds from the ground and to judge their 
vertical extent from their appearance. In a uniform 
stratus layer, the visibility horizontally and vertically 
downward sometimes vanishes immediately on entering 
the cloud, while at other times the ground is visible for a 
long time through the cloud mass. This may be due to 
the size and number of the cloud droplets. From a 
study of fog, being made at the Deutsche Seewarte, it has 
been found that fog on may be regarded as smooth, 
opaque little disks and, therefore the visibility varies 
according to the number and radius of the droplets, with 
the same vapor content of the air.’ 


? A drop of any given radius is equivalent in mass to 8 drops of half that radius, while 
its equatorial cross section is half the sum of the similar cross sections of the 8 small drops. 
Hence the interference of the 1 large drop, to a beam of light is just half that of the equiva- 
lent 8, except in so far as 2 or more of the latter may chance to be along the same line of 
sight. Clearly then, for any given mass of water in droplet form (fog or cloud) betweeen 
observer and object, the visibility increases roughly as the radius of the dropiets.— Ep. 


SHOWER AND DRIZZLE 
By W. J. Humpureys 


Of course everyone knows what a shower is and what 
a drizzle is too, until he tries to define them. For our 
present’ purpose, which is to consider how each is pro- 
duced, and what therefore under given circumstances it 
probably signifies, we shall define a shower as a rain of 
brief duration of medium-sized to large drops; and a 
drizzle as a very light rain, usually more or less persistent, 
of quite small drops. If the drops are as much as one 
twenty-fifth of an inch in diameter, or larger, surely they 
do not constitute a drizzle, but rain, and fall with a 
velocity of, roughly, 10 to 25 feet per second, as deter- 
mined by 
through which they are re They can not fall faster 
than around 25 feet per second because if, and as soon as, 
pent coalescence or otherwise, they become large 
enough to fall with a greater speed they at once are torn 
to pieces by the drag of the air through which they are 
passing. But the rate of fall, whatever it be, is of course, 
with reference to the air and therefore not at all necessarily 
the speed of approach toward the surface of the earth. 
The two velocities, that is, the rate of fall through the 
air and the rate of approach toward the surface of the 
earth, are the same only when there is no vertical move- 
ment of the air through which the drops are falling. 
Wherever, then, the upbrush of the air is equal to, or 
greater than, the rate of fall of the drops through such 
atmosphere, that particular precipitation can not ap- 
proach closer to, much less reach, the surface. Of course 
the greater the height and, consequently, the rarer the 
air, the greater its upward velocity must be, and in pro- 
en a to the decrease of density, to sustain drops of a 

ven size. 
_ Only the largest possible raindrop, one fifth of an inch 
in diameter, falls through still air of average sea level 
density at the uniform rate of 25 feet per second. The 


the size of the drop and density of the air’ 


drops of a moderate rain, as that term is commonly used, 
having a diameter of, roughly, one twenty-fifth of an inch, 
have a velocity of fall of about 12 feet per second. Drizzle 
drops, so small that it would take about 125 of them to 
span an inch, fall only some two and a a wpe feet per 
second, while cloud droplets, 1,200 of which would stretch 
barely one inch, fall only one twenty-fifth of a foot, or 
thereabouts, per second, or 144 feet in the course of an 


our. 

From the pedir it is clear that for each given 
velocity of ascent of the air there is a corresponding mini- 
mum size of raindrop that can get through it to lowe 
levels. Smaller drops can not fall while the appreciably 
larger ones must and do. Hence ascending air carries cloud 
droplets up and keeps them up until by further condensa- 
tion, coalescence, or both together, they have grown large 
enough to overcome the lift of the rising air, whereupon, 
but not until they have so grown, they fall to the earth. 

If appreciably rising air carries cloud droplets uP, as 
it certainly does, one asks then how it is that the cloud 
itself, base and all, is not lifted to greater heights. The © 
explanation is that while the individual droplets are lifted 
to greater levels fresh cloud is continuously formed in the 
uprising air as soon as, ge, expansion, incident to 
increase of height, it has cooled to its dew point, or 
saturation temperature. The individual particles are 
carried up, but continuously replaced by freshly-formed 
droplets at the same cloudbase level. And if the ascent 
is gentle the droplets soon are evaporated a little way 
above in the drier air and no rain is formed. 

A drizzle, then, or very gentle rain of quite small drops, 
occurs only where there is little or no ascent of the air— 
two and a half feet per second at most. A shower, on 
the other hand, which consists of relatively large drops, 
requires for its production vertical convection of consider- 
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able strength. Furthermore, the shower covers, at any 
instant, only a rather limited region because the air 
obviously can not be going oe at the same time 
over a wide area. Hence it is of short duration. A 
persistent rain of largish drops can happen only where the 
cause of the convection, such as a mountain across the 
path of the wind, is enduring and fixed in position. But 
such a rain is not a shower. 

So much for the difference between the ways in which 
drizzles and showers are formed. It will be interesting 
now to inquire what circumstances lead to vertical con- 
vections of the air such as give showers, and what to 
drizzle rains in which clearly there is but little or no 
convection. Whether or not marked convection will 
develop <n ton on the vertical distribution of tempera- 
ture, mainly, and to some extent also on that of water 
vapor, for increase of humidity decreases the density of 
the air just as does increase of temperature. Convection 
not only can, but must, ensue wherever and whenever the 
surface of the earth is considerably warmed (by sunshine 
chiefly) since it in turn then correspondingly heats the 
lower air which thereupon expands and becomes lighter. 
This is the origin of the heat thunderstorm so common in 
the Tropics and adjacent regions. Where condensation 
occurs in such cases latent heat of vaporization is rendered 
sensible and the convection thereby still further accen- 
tuated, as is evident from the great height to which the 
cumulus cloud often towers. 

Another way by which the vertical contrast of tempera- 
ture essential to convection is established is by the importa- 
tion of colder air above. Still another is the wedging in of 
cold air under warm air. Both of these ways, overrunning 
and underrunning, occur along the cold front, or wind- 
shift line, and often in such vigorous manner as to pro- 
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duce severe squalls. Still another way of inducing vertical 
convection, commonly moderate and therefore productive 
usually of rather gentle showers, is by the gradual heating 
of the under layer or portion of cool air as it drifts over a 
surface that becomes sere a warm with the distance 
traveled. This applies perfectly to a broad deep mass of 
air of polar origin drifting equatorward over an ocean. 
Here, and often on land as well, the showers are indicative 
of the origin (polar) of the air in which they are occurring. 

On the other hand, the lower portion of a current of air 
of tropical origin moving over the ocean, say, or land 
either, to higher latitudes, tends to become prapeepeely 
colder and colder, and thereby so stable that local con- 
vection in it is quite impossible. After a time the dew 
point may be passed with the formation of fog and low 
cloud out of which a drizzle, light to heavy, may fall, but 
never a shower, there being no vertical convection, except 
that small amount incident to the turbulence caused by 
surface friction. 

We therefore are assured that such rains as occur within 
~— air as it advances equatorward are quite likely to 

e of the shower type and, conversely, that showers often 
are convincing evidence that the passing air is of polar 
origin. Similarly, tropical air moving poleward may 
afford a drizzle long before a mountain, ora barrier of cold 
air, is encountered. Also a drizzle is evidence of tropical 
air on its way to higher latitudes. 

Showers evidence the presence of marked vertical con- 
vection; drizzle proves the absence of such convection. 
Showers often indicate the equatorward passing of polar 
air; drizzle the presence of poleward-moving tropical air. 
Thus shower and drizzle are well nigh rain extremes—in 
size of drops, rate of precipitation, nature of origin, and 
their meteorological significance. 


METEOROLOGY AND THE FOREST FIRE PROBLEM 


By 8. B. 
[United States Forest Service, Washington, D. C.] 


Foresters have always dee, amir the importance of 
the relationship between weather and forest fires in the 
West. For a number of years after organized fire sup- 
pression was instituted, the relative importance of the 
various weather factors upon fire suppression during the 
fire season was unknown, or at best, guessed at. Even 
in these early days it was generally recognized that 
occasionally in every season there occurred short 
periods of one or several days when the forest cover was 
unusually inflammable and at times seemed almost ex- 
plosive. These periods frequently produced greater 
damage, burned over area, and suppression costs than 
the remaining 95 per cent of the fire season. This being 
so, it was essential that attempts be made to determine 
the factors that brought about these dangerous periods. 
It was recognized, of course, that abnormal weather 
conditions were responsible for these periods, but which 
of the meteorological conditions were most responsible 
was unknown to foresters. Obviously, the study of the 
influencing factors was the first needed step to be under- 
taken in the solution of this problem. 

Accordingly, from 1915 to 1925 this phase of the 
roblem was the subject of several independent studies 
y various members of the Forest Service in the impor- 

- tant fire regions, aiming to supplement the work of the 
Weather Bureau. The main objective was the deter- 
mination of the principal climatic causes of the sudden 
changes in the inflammability of forest fuels. 


It was found that during the fire season, for some of the 
most inflammable of our forest types, wind velocity and 
direction and relative humidity are the most important 
meteorological factors affecting the spread of a fire. 
With wind remaining the same, relative humidity is an 
exceedingly important factor in controlling the size of 
fires; the lower the humidity, the greater the size. Simi- 
larly, with relative humidity constant, there is an increase 
in size of fires as the wind velocity increases. The critical 
periods of explosive inflammability always occur when 
very low relative humidity occurs together with a high 
wind velocity. Neither low relative humidity nor high 
wind velocity alone has resulted in such a high rate of 
spread as the combination of these two factors. The 
effect of changes in wind direction on fire contro] endeavor 
is obvious. 

The prediction of these periods and of their duration is 
of utmost importance to those engaged in forest fire 
control. The Weather Bureau began its fire-weather 
warning service in 1916 in California, and has, year by 

ear, consistently enlarged and improved this service. 
1926 a special fire weather official was assigned to the 
California district which coincides with Region 5 of the 
Forest Service. Since that time substantial progress has 
been made in laying the ground work for systematic 
fire weather forecasting and increasingly valuable infor- 
mation has been furnished the field officers of the protec- 
tion agencies. Many special observation points are 
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now supplied with instruments, owned and installed by * 
the Weather Bureau. Most of these special stations are 
either ranger headquarters or forest lookout stations, 
and the forest personnel act as observers. 

The fire-weather forecasting service furnished in Cali- 
fornia can be divided broadly into two classes, one of 
these services being the telegraphic general fire warning 
forecasts which are sent out in advance of dangerous fire 
weather or anticipated lightning storms. These messa 
emanate from the San Francisco office of the Weather 
Bureau and are sent to designated fire-fighting agencies in 
those parts of the State affected. For convenience in 
this work the Weather Bureau has divided the State into 
11 forecasting areas, designated by locality, such as 
North Coast, Siskiyou, Plateau, North Sierra, etc. The 
field personnel of the Forest Service have learned from 
experience to depend upon the reliability of these warn- 
ings. When one of these messages is received the tend- 
ency is for each man to be more alert; the lookout scans 
the country more closely, the fireman is on the qui vive, 
the fire dispatcher makes doubly certain of his sources of 
man power and equipment, the Ranger stays in closer 
touch with his protective organization. If a fire warn- 
ing message comes over a week-end or holiday, often 
emergency men are hired as an additional preventive 
is burning, very often plans are changed accordingly, 
especially if the fire is not yet under control. These fire 
warnings are a very important aid in our fire control. 

While such general, more or less broadcast warnings 
were of value, the need was apparent for more localized 
forecasts. Such a need is particularly great where there 
are large going fires. Accordingly, in 1929, through a 
cooperative agreement between the State, Weather Bu- 
reau, and the Forest Service, a portable forecasting unit 
was set up. This unit consisted of a truck, completely 
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equipped with meteorological instruments and a radio 
receiving set. The fire weather official was in charge of 
the unit and had, as an assistant, a radio operator. This 
unit operated in 1929 and 1930, and is on the job again 
this season. It is scheduled to visit every national 
forest throughout the State each season, as well as spend- 
ing a proportionate amount of time in each State fire 
district. Contacts are made with Forest Service and 
State personnel and weather stations maintained by these 
agencies are checked and inspected. Daily forecasts 
are made from weather information received over the 
radio and through observation made by the fire weather 
officials. These forecasts are made for the locality in 
which the truck is stationed at the time. A central dis- 
sere agency at the regional Forest Service office is 

ept informed of the location of the unit at all times, and 
it is dispatched whenever practicable to going fires any- 
where in California. 

So far, there have not been as many opportunities as 
was originally expected to make use of the unit on going 
fires. On those accasions, however, when forecasts have 
been sag on going fires, the reports from the field as to 
its value have been most encouraging. For example, on 
one very large fire, in very inaccessible country, due to 
forecasts of favorable weather conditions for the foilow- 
ing day, an order for a large number of men and addi- 
tional supplies and equipment was canceled, and the 
Government saved a very considerable sum of money. 
Certainly, the value of localized fire warning service has 
been demonstrated through the performance of this port- 
able forecasting unit. An extension of this localized 
service, together with a continuance of the constantly 
improving general fire weather warning forecasts, offers a 
major opportunity for improving systematic fire protec- 
tion in California. 


THE PROBABLE VALUES OF SEASONAL RAINFALL IN LOS ANGELES FROM 1850 TO 1877 


By Cuaries C. Conroy 


[Author’s Abstract] 


Some years ago the writer began to collect material 
bearing se the rainfall of the Los Angeles area prior to 
the establishment of the United States Signal Service 
office in that city on July 1, 1877. This material was 
found in private journals and diaries, in printed accounts, 
and, after 1854, in the files of Los Angeles newspapers. 
These last yielded an abundance of information, and the 
author was finally enabled to discover practically every 
day on which rain had fallen over the entire period. 

ese daily statements were translated into numerical 
values by comparison with estimates based upon Weather 
Bureau measurements of rainfall for similarly described 
days after July 1, 1877. For example, it was found that 
days on which rain was said to have fallen steadily but not 
heavily throughout the day, when checked by the meas- 
urements, had an pverage precipitation of 1.32 inches. 
Using this method for other descriptions, it was possible 
to build up a table of daily estimates for the entire period 
1850-1877. Monthly and seasonal results followed as a 
matter of course. 

The conclusions were then checked by reference to the 
recorded measurements of rainfall at San Francisco and 


San Diego for the same period, a ratio having been 
worked out. for two 10-year periods—one dry and one 
wet—from the records of all three stations subsequent to 
July 1, 1877. The use of this method of checking re- 
quired great care, since there was sometimes an inversion 
of monthly or even seasonal values, San Diego receivin 
more rain than San Francisco. Fortunately the loc 
accounts prior to 1877 were in almost all cases so definite 
that estimates could be made with considerable assurance 
of their approximate accuracy. 

Further checking was done for the period 1871-1877 
through comparisons of daily barometric readings at San 
Francisco and San Diego. For this same euied & series 
of measurements made at Los Angeles by proper exposure 
of a gage was also found, as were also similar measure- 
ments for a single year in the fifties. 

No rigid mathematical investigation was possible by 
these means, but it is believed that the evaluated amounts 
have a margin of error under 15 per cent. 

Since the results cover 27 years, the subsequent records 
of the Los Angeles Weather Bureau office from 1877 to 
date may be divided exactly into two equal periods, 
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The mean seasonal rainfall for the three is found to be ° 


as follows: 

Inches 


The driest winter in the entire series was that of 1862- 
63, with an estimated rainfall of 4.30 inches; the wettest, 
that of 1883-84, with a measured rainfall of 38.18 inches. 

In the first of these 27-year periods there was a rela- 
tively wet series of seasons from 1851 to 1862; two disas- 
trously dry seasons followed ; then came another relatively 
wet series ending on June 30, 1869, and finally a dry 
series ending on June 30, 1877. 

The individual seasonal estimates are as follows: 
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Inches Inches 
1864-55. 18. 00 | 15. 30 


The author believes that the influence of the Brickner 
cycle and the double Wolf cycle are clearly discernible 
in the estimates made for the period 1850-1877, and that 
the results seem to forecast the early beginning of a 
wetter rainfall régime in this region. 
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The following have been selected from among the titles 
of books recently received as representing those most 
likely to be useful to Weather Bureau officials in their 
meteorological work and studies: 


Besson, Louis. 

L’ Altération du climat d’une grande ville. Paris. n.d. 34 
p. figs. 23% em. (Ann. d’hyg., pub., indus., et soc. 9¢ 
année. no. 8. Aodt 1931.) 

Collens, A. E. 

Hurricane statisvics. n.p. 1931. Isheet. 33 cm. 

Conrad, Victor. 

Zum Klima des Semmeringgebietes. Medizinisch klimatische 
Aktion des Volksgesundheitsamtes in Bundesministerium 
fiir soziale Verwaltung. Mitteilung Nr. 12. Wien. 1931. 
22 p. figs. 28 cm. (Zentralanst. Met. und Geodyn. 
Pub. Nr. 137. Beihefte zu den Jahrbiichern der Zentra- 
—. “% Met. & Geodyn. Beiheft zu Jahrg. 1928 der Jahr- 

iicher. 

Handbook of aeronautics; a compendium of the modern practice of 
aeronautical engineering . . . published under the authority of 
the Council of the Royal aeronautical society ... ist ed., 
1931... .London. (1931. Contains bibliographies.) 


International council for the study of the sea. 
Rapports et procés-verbaux des réunions. v.76, The mixing 


Wetter- und Meereskunde fiir Seefahrer. Zugleich zweite 
Auflage von J. Krauss, Grundziige der maritimen Meteoro- 
logie und Ozeanographie. Berlin. 1931. iv, 152 p. figs. 
24 cm. 

Linke, F. 

Meteorologisches Taschenbuch. Ersce Ausgabe. Unter Mitar- 
beit von C. Kassner, K. Keil, E. Kleinschmidt, K. Knoch 
und G. Stiive. Leipzig. 1931. m,316p. figs. 21% cm. 

Loewy, A. 

Uber Klimatophysiologie. Leipzig. 1931. 77 p. illus. 

21% cm. 
Magarinos Torres, F. E: 

Methodos de previsio das enchentes nos rios. n. p. 1930. 

18 p. 33%cm. [Manifolded.] 
Shiel, I. J. Wymore. 

Correlation of long-wave radio field intensity with passage 
of storms. p. 1675-1683. figs.23cm. (Repr.: Proc. Inst. 
radio engin., v. 19, no. 9, Sept., 1931.) 


SOLAR OBSERVATIONS 


SOLAR RADIATION MEASUREMENTS DURING NOVEMBER, 
1931 


By Hexpert H. tt, in charge, solar radiation investigations 


For a description of instruments employed and their 
exposures, the reader is referred to the January, 1931, 
REVIEW, page 41. 

Table 1 shows that solar radiation intensities averaged 
above the normal values for November at Madison and 
eer below normal at Washington and Lincoln 

able 2 shows an excess in the total solar radiation 
received on a horizontal surface at Chicago, New York, 
and Fresno as compared with November normals for the 
respective stations; close to normal at Pittsburgh, La 


Jolla, and Miami; and a deficit at Washington, Madison, 
Lincoln, Gainesville, and Twin Falls. , 

Skylight polarization measurements made on 4 days at 
Washington give 60 for the mean percentage of polariza- 
tion, with a maximum of 66 per cent on the twenty-fourth. 
At Madison, polarization measurements made on 4 days 
give a mean of 72 per cent with a maximum of 75 per 
cent on the fifth. These are above the corresponding 
averages for each station in November. 

Data received too late to be included in Table 2 for 
October. 


Gainesville, Fla., weeks beginning, October... 1 
Weekly averages of solar radiation, gr. cal. 

Departures from normal values_..-_------- —92 —88 —8 —46 
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TaBLE 1.—Solar radiation intensities during November, 1931 
{Gram-calories per minute per square centimeter of normal surface] 
Washington, D. C. 


Sun’s zenith distance 


|8 a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 


Date Air mass Local 
75th 
mer 
A.M. P.M. time 
e 5.0 | 4.0 | 30 | 20 |110] 20 | 30 | 40 | 5.0 e 
mm. | cal. | cal. | cal. | cal. | cal. 
Nor. 1. 24) 
5.16} 0.87] 1.07) L 
Nov. 10. 0.38) 0.51) 0. 
Nov. 24..--.-.-. 0. 1. 26)...... 
Means....-- (0. 87)|(0. 72); 0. 1, (1, 49) 
+0. 11/—0. 14/—0. 11/—0. 01) 
Madison, Wis. 
Nov, 850.<06<e0 6. 1 5. 56 
Nov. 3. 1.36)... 3. 30 
Nov. 5...--...- 3. 1, 42) a 3.81 
Nov, 13.....--- 4. .---| 381 
Nov. 18.......- 4 1. 32 5. 36 
Nov. 22.....-.. 4. 1.19 7.29 
6. 76 
3. 81 
2. 87 
3.99 
€. 50 
5.79 
2. 36 
3. 30 
1 Extrapolated. 
TABLE 2.— Total solar radiation (direct-+- diffuse) received on a 
horizontal surface 
{Gram-calories per square centimeter} 
AVERAGE DAILY TOTALS 
Week be- Li 
i i ae: i 
1931 cal, | cal. cal, | cal. | cal. | cal. | cal. (cal. cal.| cal. | cal. 
Oct. 29__. 167) 212) 149 188 224 156) 4 293} 278 3 
Nov. 5... 1 187; 295, 299) 216) 375) 1 
Nov. 165, +113) 124 | 122| 244 251| 268) 391; 10 
Noy, 1 1 117 17 119) 254 30) 6 
Nov. 26.- 97| 137 184 61) 1 207| 231| 328) 3 
DEPARTURES FROM WEEKLY NORMALS 
Oct. 29...) — —2; — + +3/+74 + ARAN 
Nov, 5... - 
Nov. — - +21) — ~ —2|\—44, 
Nov. 19... —91 1 +7 +1) 
Nov. 26..| — +11 1 +24, —38|—73 
Accumu-' 
lated 
depart- 
ures on 
Dec. 2.|—1, 577|-+-2, 793 +2, 2, 394) —5, 368} —1, 478} 
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POSITIONS AND AREAS OF SUN SPOTS, NOVEMBER, 1931 


[Communicated by Capt. J. F. Hellweg, Superintendent United States Naval O bserva- 


tory. Data furnish 


by Naval Observatory. 


in cooperation with Harvard, Yerkes 


Perkins, and Mount Wilson observatories. The differences of longitude are measured 
from central meridian, positive west. 
rected for foreshortening and are expressed in millionths of sun’s visible hemisphere. 
The total area, including spots and groups, is given for each day in the last columa.! 


The north latitudes are 


plus. Areas are cor- 


Eastern Heliographic Area _—| Total 
Date stand- 
| Diff. |Longi| Lati- | soot | Group! 
long. | tude | tude P! day 
Nov. 4 (Naval Observatory).....| 11 57 |—39.0 4| —0.5 
+56.0 | 317.4 | +8.0 |-...-- 46 86 
Nov. 5 (Naval Observatory) 10 10 |—26.0 | 223.2 | —0.5 
+68.0 | 317.2 | +7.0 |_-..-- 154 247 
Nov. 6 (Naval Observatory) - 10 —12.5 .3 | —0.5 
+80.0 | 315.8 | +8.0 |_....- 463 571 
Nov. 7 (Naval Observatory) __... 10 2 | +2.0 | 224.7 | -0.5 93 93 
Nov. 8 (Naval Observatory --. 10 58 |+16.0 | 225.2 | —0.5 77 77 
Nov. 9 (Naval Observatory).....| 10 51 |4+26.5 | 222.6 | —1.0 |_...-- 25 25 
Nov. 10 (Naval Observatory.....| 11 29 
Nov. 11 (Naval Observatory)....| 11 49 
Nov. 12 (Naval Observatory -___. 10 32 No spots ie 
Nov. 13 (Naval Observatory)....| 12 55 
Nov. 14 (Naval Observatory)....| 13 34 No spots die 
Noy. 15 (Naval Observatory)....| 10 57 No spots 
Nov. 16 (Naval Observatory)....| 10 13 No spots Bey alisys 
Nov. 17 (Naval Observatory)....| 14 20 |+18.5 | 107.2 |+11.0 |___... 37 37 
Nov. 18 (Naval Observatory)....| 11 47 |+32.0 | 108.9 |+10.5 |_..__. 31 31 
Nov. 19 (Perkins Observatory....| 11 20 |+43.5 | 107.7 |4-10.5 |.._.-- 62 62 
Nov. 20 (Naval Observatory)....| 10 8 |—79.0 | 332.4 | +9.0 
+60.5 | 111.9 |+10.0 46 |..---.. 293 
Nov, 21 (Naval Observatory)....| 10 | 328.2) +9.0 463 }...... 
—23.0 | 15.2 |+10.5 |.-.... 31 494 
Nov. 22 (Naval Observatory)....| 13 14 |—55.0 | 328.4 | |......| 463 
—9.5 | 13.9 |+10.5 
+5.5 | 28.9 |411.0 37 515 
Nov. 23 (Naval Observatory)....| 10 54 |—42.5 | 329.0 |+-10.0 
+17.0 |} 28.5 |4+11.0 |...... 31 432 
Nov. 24 (Naval Observatory)...-! 10 11 |—30.0 | 328.7 |+10.0 |__.__. 401 401 
1931 
Nov. 25 (Naval Observatory)....| 14 12 |—53.5 | 289.8) ~—1.0 
—14.5 | 328.8 |+10.0 |_....-. 401 432 
Nov. 26 (Naval Observatory) 10 45 |—21.0 | 311.0 |+12.0 
—2.5 | 329.5 | +9.5 |__.. 432 463 
Nov. 27 (Perkins Observatory)...| 11 51 2 
+10. 0 
Nov. 28 (Mount 13 (0 
Nov. 29 (Mount Wilson)-_-....-..- 14 20 Toe 
Nov. 30 (Yerkes Observatory)....| 10 21 |+285 
+29. 0 
+31.5 
+36. 5 
+45. 5 
+47.5 
+49. 0 
+64. 0 
Mean daily area for November..-.|_........-].---.-- 


PROVISIONAL SUN-SPOT RELATIVE NUMBERS, 
NOVEMBER, 1931 

(Dependent alone on observations at Zurich and its station at Arosa) 
of Prof. W. Brunner, University of Zurich, 


[Data furnished through the —_—t 


witzerland] 

November, Relative November, Relative November Relative 
1931 numbers 931 numbers 1931 numbers 


Mean: 26 days=17.2. 


a= Passage of an average-sized group through the central meridian. 
b= Passage of a large group or spot through the central meridian. 
c= New formation of a center of activity: E, on the eastern part of the sun’s disk; 


W, on the western 


; M, in the central zone. 


d=Entrance of a large or average-sized center of activity on the east limb, 


| 
> 
4 
_ 
| 
i | 
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AEROLOGICAL OBSERVATIONS 


[The Aerological Division, W. R 


. GREGG, in charge] 


By L. T. SamvE.s 


In Table 1 are shown the mean monthly free-air tem- 
peratures and relative humidities. While normals are not 
available at all of these stations, the means in such cases 


1931 


airplanes (or kites) during November, 1931 
TEMPERATURE (°C.) 


Tas_e 1.—Mean free-air temperatures and humidities obtained by 


were compared with the normals of near-by aerological 
stations. The temperature departures were positive in 
all cases with the largest values occurring at Cleveland. 
Relative humidities were above normal at all levels at 
Dallas and Due West and at the lower levels at Cleve- 
—— Chicago, and Omaha and below normal else- 
where. 


At and below the 1,000-meter level the monthly result- 
ant winds contained a greater southerly component than 
normal over a large portion of the southern and central 
part of the country. (Table 2.) Over New England the 
resultant velocities were mostly above normal. At 3,000 
meters the monthly resultants were close to the normal 


values at all stations except in the extreme northwest and 
southeast. In the former region the monthly resultant 


direction was northerly as compared to a normal westerly 
and in the Jatter region this direction was easterly as com- 
pared to anormal northerly. In most cases the resultant 
velocities were less than normal. 

In Table 3 are shown the mean and extreme heights 
reached during the month. Three airplane observations 
were missed during the month at Omaha and one at 


Chicago, due to unfavorable weather conditions. 


| |g 3s AS 
oO fa) A mM 
7.4) 12.9) —0.4/ 122 4.6 | 16.8] 16.7 
7.7) 141)129 0.0 | 14.4 5.3 | 17.3] 138 
7.2) 132)122 1.6 | 11.7 6.5 | 149] 121 
3.4 9.8} 7.8); 50 4.3 | 10.9 6.9 
—0.7 4.4)-5.9) 17) -05) 69 1.0 
—5.0 | —0.6 j—11.1 —6.9 
RELATIVE HUMIDITY (PER CENT) 
78 &)\ 7% 78 81 82 86 58 
74 75, 69 76 62 75 77 58 
70 68 65 63 60 62 72 47 
67 65 64 55 
55 64 +62 52 55 46 59 33 
46 49 45 55 23 41 48 31 
36 44) 41 62 39 
20 
1 Airplanes (Weather Bureau). 2 Kites 3 Airplanes (Navy). 


TaBLE 2.—Free-air resultant winds (meters per second) based on pilot balloon observations made near 7 a. m (E. 8. T.) during November, 1981 


mg gre Browns- Burlington, | Cheyenne, || Chicago, | Cleveland, || Dallas, | Due West, || Ellendale, | Havre, | Jackson- || Key West, 
q (1.598 || ville, Tex. Vt. Wyo. (1,873) Ohio Tex. 8.C. N. Dak. | Mont. | ville, Fla. ¥ 
meters) | (12 meters) || (132 meters) meters) (198 meters) || (245 meters) ||(154 meters) ||(217 meters) || (444 meters) || (762 meters) || (14 meters) || (11 meters) 
(meters) | 
= = | = Cy 
A a a A A a a A A A A ls 
° ° | ° ° | ° ° 
Surface..| N 10 8 43 E 29 2.5) N 76 4.5) S 48 W) 3.1) S 24 W! 3.0 S 29 E/2.2) N 33 N 53 W 1.8 61 W 2.6; N 6W 1.7| N 49 E) 3.8 
20 E187) S 39 Wi 7. ...-|| 8 69 W 7.4) 57 84) S N 16 N 64W .---|| N 60 E| 5.5) N 66 E/11.3 
8 23 8 70 80 W 10. 5 S$ S 34 9 8 31 N 79 46) S 66 N 76 E| 4.2) 8 78 E/10.4 
1,500... 8 13 8. 2) S 89 |....|| 82 W/10.5!) S 78 W/10.9/| S 58 8 73 N 73 6.1) S 8&3 6.6)| N 87 E) 3.1) N 80 Ej 9.0 
2,000.....| 8 43 WiL8) S 5. 8) N 87 W 10. 5) N 80 W| 6. 80 W)10. 6, 8S 86 S 72 Wi6.4)| N 80 Wj3.2) N 71 W N 82 W 9. 0, N 3 2.4)| N 70 86 
2,500__. |S 64W3.9) S 2 47) N 89 Wi 9.8! N 68 W) N 89 S 65 Wi6.6| N 74 Wi4.0|| N 73 W/10.3! N 81 N 18W | 2.8! N 76 E! 7.3 
%,000.....|$ 72 W5.5) S 2.1), & 83 Will. 8) N 80 Wi 6. ..--|| 8 61 N 77 Wi4.6)| N 72 Wi1L.9)| N 72 W 9.7) N 42 W 6. 0, N 73 7.1 
4,000__._. 64 W)9.4) S 26 8 79 N 60 WI7. N 82 W113. 8) N 70 W/10. 4, N 24 5.7 
Los An- | Medford, Memphis, || New Or- Oakland, Oklahoma, Omaha, Phoenix, || Salt Lake Sault Ste. Seattle, Ww - 
geles, Calif. Oreg. _ Tenn. leans, La. Calif. City, Okla. Nebr. Ariz. || City, Utah || Marie, Mich. Wash. ton, D. 
(217 meters)| (410 meters) || (89 meters) || (25 meters) || (8 meters) || (392 meters) || (299 meters) || (356 meters) |(1,294meters) || (198 meters) || (14 meters) || (10 meters) 
Altitude 
a |> 2) > a > (2) > a) > Q > =) > fa) > | > a) > > > 
° ° ° ° ° ° ° ° 
Surface..| N 35 W 0.4) S 11 0.1)) 13 1.5)| N 8 E/ 1.6) N 41 10W) 1.8 8 N 87 8S 20 3.0) S 65 W/ 13/8 48 S 08 
N 43 E1.3/ N 8 0.3) S 14W/ 61) 8 48 7.0) N 2 S 15 4.2) S 58W2.6) S 86 S 75 S 23 W/ 3.1/1 S 84 WI 5.9 
1,000_.... N 62 EL8/S 0.9) S 43 5.48 45 E) 44) N 5 Wj S 51 S 87 S 69 .---|| N 83 Wi S 20 W! N 73 Wi 6.7 
1,500..... N 43 8 35 2.9) S 46 W S 46 E} 2.0)| N 12 W| 6.2)| S 62 W 7.5), S 87 W8. 6) 8 4 8 EB) 4.7|| N 59 W) 9.3) S 75 N 70 W| 9.0 
N 4W3.4) 8 78 W! 3.5) S 75 3.0) N45 1.3) N 11 Wi 5.7)| S 59 7.8 N 8 4) S 27 W 2.2) 19 W| 3.6) N 70 N 1 E) 2.5]| N 67 W| 9.6 
2,500._... N 29 W 3.4) N 67 W/ 3.1) S 65 W! 3.8 S 62 0.5)| N 7W) 7.5)| S 63 Wi 7.5 N 89 W/9. S 74 W/2.9)| 8 48 .---'| N 8 3.7]! N 72 Wj10.6 
3,000___.. N 48 W N 57 W) 3.5) S 48 S 85 3.5)| N 14 W/ S 62 W! 7.7 N 79 Wi8.8) S 66 76 -.--|| N 9 N 76 Wji2.0 
4,000..... N 32 W} 4 N 87 W| 7.1)| N 82 Wj8.4)| S 46 Wi3.0)| N 68 3. | | 
TABLE 3.—Observations by means of airplanes, kites, captive and limited-height sounding balloons during November, 1931 
Dallas, | Due West, | Ellendale, | Chicago, | Cleveland, » 
Tex! N. Dak.? Th. Ohio! Nebr.! 
Mean altitudes, meters, m. s. l., reached | 5, 476 2, 616 2, 970 4, 603 5, 526 6, 208 
Maximum altitude, meters, m. s. 1., reached_. 6, 018 4, 692 5, 069 5, 110 6, 018 6, 793 
Number of flights made_.._.......-......._-- 30 30 27 29 30 27 


1 Airplanes. 


Kite. 
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WEATHER IN THE UNITED STATES 


[Climatological Division, L. Fassia, in Charge] 


THE WEATHER ELEMENTS 
By M. C. Brennerr 
GENERAL SUMMARY 


The weather during November was abnormally warm in 
most sections from New England westward to the Great 
Plains. In the more southern States the temperature 
averaged from 4° to 7° above the normal while in the 
Great Plains it was only slightly above. On the other 
hand, from the Rocky Mountain region to the Pacific 
coast subnormal temperature prevailed, although the 
departures were but a few degrees below the seasonal 
average. 

The precipitation for the month was abnormally heavy 
throughout much of the upper Mississippi and lower 
Missouri Valleys, with an area including central and 
western Iowa, northwestern Missouri, eastern Kansas, 
and central Oklahoma reporting from four to five times 
the normal. Likewise portions of southern Arizona 
received nearly five times their normal. On the other 
hand, portions of the Southeast and Northwest received 


no appreciable precipitation during the month, and 


rtions of the Eastern States from New England to Ala- 
ama received less than 25 per cent of the seasonal aver- 
age; also southern and western Texas and portions of 
the northern Great Plains, the Pacific Northwest, and 
northern California received subnormal amounts. Snow- 
fall was moderately heavy over the Rocky Mountain 
region, but only slight amounts were reported to the 
eastward. 


TEMPERATURE 


The first week was generally cool in the eastern and 
south-central portions, but warm elsewhere, being par- 
ticularly warm compared with normal in the middle and 
northern Plains, Rocky Mountain, and Plateau States. 
From the beginning of the second week till the 24th, de- 
cided warmth for November prevailed in the eastern 
half of the country, and until about the 17th the Plains 
States and New Mexico usually had warm weather. In 
the central valleys and to acethesabvand over the upper 
Ohio Valley and most of the Lake region the warmth was 
beyond precedent at this time of year, the departure from 
normal being about 20°. 

Much colder weather set in over most of the Rocky 
Mountain and Plateau States about the middle of the 
month, and the Plains States and nearly all of the Missis- 
sippi Valley gradually came under its influence as the 
final decade passed; but the South Atlantic and East 
Gulf States remained warmer than normal. The last 
ten days of November were remarkably cold in Mon- 
tana, Idaho, Utah and large portions of adjoining States. 

November averaged colder than normal near and to 
the westward of the Rocky Mountains, notably in the 
northern and middle Plateau region and the interior 
counties of the Pacific States, where it was 4° to 6° colder 
than normal. 

At Eureka, Calif., and Boise, Idaho, this was the 
coldest or almost the coldest November of record. Some 
stations in southern California and Montana reported it 
the first month with mean temperature below normal 
since the fall of 1930. 

_ Between the western Plains and the Mississippi River, 
ewise in the Florida Peninsula, this month was moder- 


ately to considerably warmer than normal. East of the 
Mississippi River, save in the Florida Peninsula, this 
month was almost invariably the warmest November of 
record. From Tennessee and Missouri northeastward 
over the Lake region the month averaged 8° to 11° above 
normal. 

The highest marks of several Southwestern States were 
above 95°. In most States they were in the 80’s, but 
in the pualotihy of northern border States between 75° 
and 80°. To the westward of the Mississippi River they 
almost invariably occurred not later than the 8th, but 
to the eastward usually just before the middle of the 
month or about the ood. 

The lowest temperatures of the far Western States 
were considerably below zero, one elevated station in 
Colorado reporting —41°. In the northern Plains and 
Minnesota they were several degrees below zero, but in 
and to the eastward of the middle and lower Mississippi 
Valley they were mainly between 14° and freezing. hi 
the southeastern quarter of the country the 7th was, as 
a tule, the coldest day; otherwise the lowest readin 
occurred almost always on some day of the last decade 
of the month. 


PRECIPITATION 


The first decade was a period of decidedly little precipi- 
tation, although the North Pacific States were favored. 
The middle decade and the first half of the last decade 
brought important precipitation to considerable portions 
of the Pacific and Plateau regions, also to most of the 
Plains, the Mississippi Valley, and the upper Lake region, 
the amounts being notably large in lowa, Wisconsin and 
the northern parts of Missouri and Illinois, also consider- 
able portions of Kansas and Oklahoma. 

The last few days of November saw somewhat better 
distribution of precipitation. Moderate to locally heavy 
falls occurred almost throughout the Ohio and lower 
Mississippi Valleys and eastern Texas. There continued, 
however, to be very little rainfall, or locally none at all, 
in most of Georgia and large parts of the Carolinas, 
northern Florida, and southeastern Alabama. 

The month brought more ample precipitation than the 
earlier fall months, except near the Atlantic and east 
Gulf coasts and in a few small areas elsewhere. There 
usually was moderately less than normal, however, near 
the Appalachian crest and for a few hundred miles or 
more to the northwestward, and in the lower Lake region, 
southern Mississippi and adjacent areas, central and 
southwestern Texas, the Black Hills region, and the 
western half of North Dakota. In the Pacific Northwest 
amounts often were somewhat less than normal. 

There was generally a moderate excess above normal 
in Colorado, New Mexico, Arizona, southern California, 
the northern Plateau region, and from the eastern parts 
of the Dakotas to the upper Lake region. At Phoenix, 
Ariz., the rainfall was 3.18 inches, nearly five times the 
normal, and with one exception the greatest November 
amount ever known there. 

Rainfall was decidedly heavy for late fall from central 
Oklahoma northeastward to Iowa, most stations measur- 
ing from four to six times their November normal quanti- 
ties, and exceeding, often by 1 or 2 inches, the previous 
greatest November precipitation of the locality. As far 
southwestward as the northwestern part of Texas, and 
as far eastward as Arkansas, the lower Ohio Valley, 
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western Indiana, and the vicinity of Lake Michigan there 
was considerably greater precipitation than normal. 

As an indication of the plentiful water supply in recent 
months over the north-central part of the country, the 
river stage at St. Louis, Mo., may be noted. On Novem- 
ber 30 this reached 22 feet, which was 8 feet below flood 
stage, but was higher than any previous stage since the 
latter part of June, 1929. 


SNOWFALL 


There was practically no snowfall anywhere during the 
first decade. The middle decade brought a little snow 
in the northernmost districts from central North Dakota 
to the western end of Lake Superior and considerable 
over most of the northern Plateau region, 12 inches falling 
at Salt Lake City, Utah. During the final decade snow- 
fall occurred in most districts where it is expected by the 
end of November, though scarcely any fell to the south- 
ward of the northern boundaries of Arkansas, Kentucky, 
and the Virginias. From the lower Missouri Valley to 
New Jersey a narrow strip received from 2 to 6 or 7 inches 
about the 26-27th. However, several districts farther 
northward, particularly large portions of Wisconsin and 
lower Michigan, received no measurable snow before 
November ended and most of the Lake region and 
northern New England had far less than normal. 

Most of the Plateau region received snowfall during the 
closing decade, and some districts a short distance to the 


NovemBER, 1931 


eastward of the Divide had unseasonably heavy falls, 
Denver, Colo., recording almost 15 inches and El Paso, 
Tex., over 2 inches. 

The month’s total snowfall was usually less than normal 
in the eastern half of the country, except moderately above 
normal from Indiana to New Jersey. In the Plains States 
and to the westward it was mainly greater than normal. 
In Idaho the eine fall was larger than in any previous 
November of record, and the records were approached in 
Utah, Arizona, and New Mexico. 


SUNSHINE AND RELATIVE HUMIDITY 


The sunshine during November was slightly above the 
normal locally in the Southeast, the northern Great Plains, 
the Lower Lakes, and north Pacific areas. Elsewhere it 
was below the seasonal average, the deficiency bein 
rather pronounced in portions of the upper and po 
Mississippi and lower Missouri valleys and the central 
Great Plains. 

The relative humidity during the month was generelly 
above the normal from the Plateau and Rocky Mountain 
regions eastward, except in portions of the southeast and 
northwest, and — in the Lake region, where the aver- 
age was as a rule slightly below. Throughout the Pacific 
States the humidity was generally below the normal al- 
though the departures were small, for the most part. 


SEVERE LOCAL STORMS, NOVEMBER, 1931 
[The table herewith contains such data as have been received concerning severe local storms that occurred during the month. A revised list of tornadoes will appear in the Annual 


Report of the Chief of Bureau] 
Place Date Time | * of comane Character of storm Remarks Authority 
pa roperty u 
(yards) | life 
Maple , Minn. (vicin- 16 | 9:35 p. m $12,000 | Tormado---_-._...-- Some farm buildings totally demolished or bad- | Official U. 8. Weatber Bu- 
ity of). ly damaged; telephone poles leveled for half a reau. 
mile; path 5 miles ote. 
Lindale (near), Tex. 5a. m....- 3, 500 |.....do Buildings damaged at Thedford Do. 
17 | 6a. m..-- 8 oil blown down in Spring Hill com- Do. 
munity. 4 
Ludington, Mich--........- 20 | 11:30-2:40 EE. a overhead wires damaged; 1 person in- Do. 
p. m, ured. 
Charles City, Iowa, and vi- 20 | 2:14 p.m 15,000 | Thunderstorm Pl nF wrecked and another damaged; Do. 
cinity. and wind. unroofed; buildings on 7 farms da 5 
Trempeleau County, Wis-- 20\|4p.m 15, 500 | Squall Schoolhouse and several small buildings Do. 
: wrecked, others damaged; livestock killed. 
Winnsboro (near), La__...- 2 small tornadoes.| Some small buildings demolished, several others Do. 
damaged; poultry and Pigs killed. 
= N. Mex., and vi- | 21-22 |_...-... 1,000 | Wind-......-..... Signs, roofs, awnings, and outbuildings damaged. Do. 
y.. 
Catron, Valencia, McKin- | 21-23 |_........ 9 50,000 | Snow, wind, and | Many Indians badly frozen; thousands of sheep Do. 
ley, San Juan, Rio Arriba cold. lost. 
and Sandoval Counties, 
. Mex. 
Amarillo, gh Much damage to telephone and light wires_..._- Do. 
Barton, Rush, and Ness | 22-23 |...........-|...-.-..-. 10,000 | Sleet and glaze__.| 157 poles broken down; 1,000 breaks in wires; Do. 
Coun ans. o— and telephone service greatly ham- 
Butler, Polk, York, and | 22-23 Considerable injuries to ‘trees and overhead Do. 
22-23 Hi rains and ble damage especial} Do 
onroe, Audubon, eavy an onsiderable to crops, un- 
haska, Wapello, Fre- floods. husked corn, by inundating of farm a 
mont, Mills, and Potta- fences and wooden bridges damaged. 
wattamie Counties, Iowa. 
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NovEeMBER, 1931 


By Montrose W. Hayes 
[In charge River and Flood Division} 


Rains in the latter half of November caused moderate 
floods in the Illinois, the Des Moines, the Missouri River 
below Kansas City, the Osage, the Neosho, and Verdigris 
in Kansas, and the Long Tom, a tributary of the Willam- 
ette,in Oregon. There was also an overflow in the Dela- 
ware, a small stream tributary to the Kansas River. 

In the Grand River of Missouri there was a moderately 

igh flood, which caused a severe loss to unhoused crops. 
he following is a statement of flood losses: 
Tangible property totally or partially destroyed (buildings, fences, 
highways, bridges, railroads, etc.) : 


Matured crops: 
Grand River (in Missouri) 636, 000 
Missouri River below Kansag City__...........--- 14, 000 
Prospective crops: Neosho River___....-..----------- 500 
Livestock and other movable property: 
Suspension of business, including wages of employees: 


A complete report on the extent of the Des Moines 
River flood has not been received. It will appear in the 
December issue of the Review. 
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The money value of property saved by warnings was 
estimated at $25,000 in the Grand Valley, $7,000 in the 
Osage Valley, and $5,000 in the lower Missouri Valley. 


Table of flood stages in November, 1931 


Above flood 
Flooa | Crest 
River and station stage 
From—}| To— | Stage | Date 
MISSISSIPPI SYSTEM 
Upper Mississippi Basin 
Feet Feet 

Raccoon: Van Meter, Iowa__-_......-..--- 13 24 24 14.2 24 

Des Moines: Ottumwa, Iowa_-__.......-... 10 24 29 12.2 26-27 

Illinois: 

Missouri Basin 

Thom Fork: Tren MGbc6sse~- cis 20 24 24 20. 4 24 

Brapiwick, Mo. 12 18 (4) 18.9 27 
Quenemo 30 24 25 34.6 24 
Omave, 24 27.2 25 
La Cygne, Kans--_- < 23 25 28 24.1 28 

Missouri: 

Boonie, 21 28 29 21.4 28 

25 29 30 26. 1 30 
Arkansas Basin 

Independence, 30 24 26 36. 2 25 

24 24 25. 4 24 

Ginn 24 27 23.0 26 

Parsons, Kans. _ 22 26 28 23.0 23 

17 25 29 19.7 23 

PACIFIC SLOPE DRAINAGE 

Columbia Basin 

Long Tom: Monroe, Oreg............----- 8 22 22 11,1 22 


1 Continued into December. 


WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 


[By the Marine Division, W. F. McDonatp in charge] 


NORTH ATLANTIC OCEAN 
By W. F. McDonatp 


The pressure situation.—The weather of November 
1931, on the North Atlantic Ocean was characterized 
by an unusually deep and persistent Icelandic Low, 
with barometric averages near or somewhat above the 
November normal over most of the region south of lati- 
tude 40°. Highest pressures were central over the 
American coast northward to Halifax, where the barom- 
eter averaged 0.10 to 0.15 inch above normal. From 
Ireland to Iceland, the average pressure was nearly a 
half inch below normal, and on more than half the ays 
in the month the minimum barometric readings on the 
northeastern Atlantic were below 29 inches. There 
was a slight deficiency in the mean pressure in the Carib- 
an area. 

Table 1 gives details of average pressures, departures 
from normal, and maxima and minima for a number of 
coastal and island stations representative of the North 
Atlantic region. 


TABLE 1.—Averages, departures, and extremes of atmospheric pres- 
sure (sea level) at selected stations for the North Atlantic Ocean and 
its shores, November, 1931 


Average | Depar- 
Stations pressure | ture Highest; Date | Lowest | Date 
Inches Inch Inches Inches 
Julianehaab, Greenland 30.14 | 19th....-| 28.90 | 27th. 
Reykjavik, Iceland 1____...-- 29.12| —0.50 29.71 | 30th___.- 28. 58 | 14th. 
Lerwick, Shetland Isles 1__.. 29.60; —0.10 30.39 | 16th___-- 28.49 | 10th. 
Valentia, Ireland t._......._- 29.59; —0.45 30. 34 ttl 28.46 | 10th. 
Lisbon, Portugal 1._......... 30.08 | +-0.04 30. 26 | 28th.._.. 29.78 | 12th. 
30.08 | +0. 07 30. 24 | 27th... 29.88 | 14th. 
Horta, Azores 30.14 | +0.01 30. 44 | 19th_.__. 29.94 | 13th. 
Belle Isle, Newfoundland 1... 29.83 | —0.05 30. 64 | 20th._... 28.82 } 14th. 
Halifax, Nova Scotia 30.10} +0.15 30. 56 | 29. 50 | 4th. 
Nantucket ?. 30.17 | +0.12 30.58 | 27th.._..| 29.66 | 30th. 
30.23 | +0.12 30. 52 | 29.96 | 30th. 
30.15 | +0.07 30.36 | 20th._.-- 29.90 | 10th. 
29. —0. 02 30.08 | 27th... 29.82 | 8th. 
30.04 | +0.02 30.17 | 1ith.....| 29.90 | 30th. 
New Orleans 30.14 | +0.04 30. 38 | 2d_...... 20.86 | 17th. 
ape Gracias, Nic.!_......... 29.84 | —0.06 29.94 | 27th_.._- 29.76 | 14th. 


1 All data based on a. m. observations only, with departure computed from best 
available normals related to time of observation. 
2 Corrected 24-hour means, based on more than one observation daily. 
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Great pressure contrasts and active disturbances 
marked the first half of the month. The period from the 
7th to the 10th was stormiest, and on the 9th the Low 
in the northeastern Atlantic attained its maximum 
development, with a central isobar of 28.2 inches clearl 
identified in the data reported. At the same time a we 
defined HIGH was present on the American coast, so that a 
pressure gradient of more than two inches existed be- 
tween the Grand Banks and the northeastern Atlantic. 
The situations of the four days November 7 to 10 inclu- 
sive, have been chosen for reproduction as Charts VIII 
to XI, appended to this issue of the Revinw. 

The latter part of the month was, in general, more 
equable, but was not without several short periods of 
rather active disturbance. The storm developments of 
this period arose in several instances well southward in 
the Atlantic, one being a small but clearly identifiable 
depression appearing on the 21st southwest of the Azores, 
and another a similar disturbance, reaching its full 
development about the 23d, southwest of Bermuda. 
Both of these Lows moved northward to unite with more 
extensive depressions over the northern Atlantic. 

Gales and tropical disturbances.—As might have been 
expected from the general pressure situation outlined 
above, the stormiest part of the Atlantic during November 
was north of latitude 45° and east of longitude 30°, in the 
region which was most persistently under the influence of 
deep barometric depressions. However, gales occurred 
on a few days in other areas westward to the Grand 
Banks, and thence southwestward toward the Bahamas. 


MONTHLY WEATHER REVIEW 


Novemser, 1931 


The stormiest days on the main trans-Atlantic routes 
were the 3d and the 7th to the 10th and the 13th to the 
15th, inclusive. Winds of whole gale force were reported 
at places along the routes on each of those days, and 
hurricane force was encountered by the German ship 
New York, westbound near longitude 25°, on the night 
of the 8th, and also by the Belgian steamer Emanuel 
Nobel, eastbound on the 13th, in the same area. A 
number of liners reported delays in crossing due to the 
heavy weather of this period. A British schooner of 190 
tons had to be abandoned by her crew of seven on 
November 17th in mid-Atlantic due to the long con- 
tinued storminess of the preceding weeks. 

At the beginning of the month a mild disturbance over 
the western Carribbean Sea produced a distinctive 
cyclonic circulation which was reported of gale force on 
the 2d by the Panamanian ship San Blas, but the dis- 
turbance failed to develop a definite center of low 
pressure. About a week later, another gale was experi- 
enced in the western Caribbean, and news dispatches 
reported extraordinary rains and storm damage in 
Honduras, but these appear to have been due to an 
intensification of the trade winds rather than to a true 
tropical disturbance. 

og.—November was almost entirely free from fog 
over most of the Atlantic, Gulf, and Caribbean waters. 
Practically all fog reports at hand were received from 
the region adjacent to the American east coast north of 
Hatteras, where fogginess was experienced on 5 to 10 
days, mainly during the latter half of the month. 


OCEAN GALES AND STORMS, NOVEMBER, 1931 


Position at time of 
Voyage Direc- | Direction | Direc- 
lowest barometer Time of —_ tion of | and force | tion of | Highest | gnists of wind 
Vessel Gale lowest Gale be- wind of wind in force of near time of 
began ended when | at timeof| when | wind and ear bs 
From— To— Latitude |Longitude ‘oer | lowest gale, | direction Paro 
¢ began | barometer | ended 
NORTH ATLANTIC 
OCEAN 
° ° , Inches 
San Blas, Pan. 8S. S......| Castilla__.._- 16 40N | 8530 W | Nov. 1/| 6a., 2...) Nov 29.78 | WSW.., WNW,—.| NW....| WSW, WSW-WNW. 
Dresden, Ger. S. S_......| New 51 11 N | 2701 W | Nov. 3! Noon, Nov. 3 | 29.04] WNW.| —, l1...... WNW.) NW, ll... 
Saccarappa, Am. S. S_...| Sluiskill_._..- Charleston...| 47 0ON | 1312W | Nov. 2| 7a.,3...| Nov. 4/| 29.32 | SSW...) SW, SW, 10_...| SSW-WNW. 
Seminole, Br. 8. Ellesmere | Baton Rouge.| 5143N | 638 W Mat., 3.|.-.do..... 29.07 | S.......| SW, 10.... --.---| SW, 10....| SW-W 
ort. 
Santa Marta, Am. 8. Honduras_.-__| | New York...| 17 0ON | 86 57 W | Nov. 4a., 29.85 | WNW.| NW,8.-...| NW, 8....| WNW-N 
Manistee, Br. 8. Liverpool. ...| Jamaica...... 47 083 N | 16 59 W | Nov. 5| 8p.,6...| Nov. 9 | 28.97 h —, 10......; WNW-NW 
Tachira, Am. 8. New York...| Venezuela_..-| 25 41 N | 68 48 W | Nov. 7 | 10a. 7..| Nov. 10| 29.78 ENE..| NE, 9..--- NE-ENE 
Oranian, Br. 8. 8._.....- Halifax......- — Chan-} 47 21 N | 49 47 W 8a.,7...| Nov. 7 | 29.21 NNW..| N W, 
nel. 
Emanuel Nobel, Belg. | Philadelphia-} Manchester__| 43 55N | 45 22W | Nov. 8 | Mdt.,8-; Nov. 9 | 29.57' NW....| NW, 10...) NW-....| —, 10......| NW-NNW. 
Braheholm, Swed. S. S.. 55 20N | 2054 W 10 p., 8.-| Nov. 10 | 28.22 | SE..... | NE, 4.....| NW-...| NW, 11...| NE-N. 
on-Tyne. e. 
New York, Ger. 8S. S....| Cherbourg...| New York...| 49 00 N | 2442 W NW...) 8-W-NW. 
Kattegat, Ger. M. Batum.._.... Hamburg_-..| 4640 N | 631 W Nov. 5 | —,8.....| Nov. 8 | 2.92 | WSW-..! W, 8.-....- wswW, 10.| W-N 
Prince, Br. | New York.-..| Rio Ja- | 3044N | 6057 W Nov. 8 | 4a.,9...| Nov. 9 | 29.77 | ENE-.. NE, SSE....| NE, 9..... NE-SE. 
neiro. 
Carlier, Belg. 8. S._....- | Antwerp....- New York__.| 49 20N | 21 10 W 2 p., 9...|Nov. 10 (29.09 |WSW-.. |W, 11..... |WNW. |NW, 11... |WSW-WNW. 
Clairton, Am. 8. S......-. New York_..| Manchester__| 50 50N | 17 00 W | Nov. 4a, 28.66 | SSW... pg , 10.....| SSW-W. 
Vincent, Am. §. Havre.......- New York...| 48 25N | 1102W | Nov. 4a.,10..| Nov. 11 | 28.85 | WSW..| WSW, 10.| WSW..| WSW, 10.) Steady. 
Wytheville, Am. S. S....| Rotterdam_-_- 50 55N | 2150 W | Nov. 12} 5a., 13..| Nov. 14 | 28.78 | S....... 
Nobel, Belg. | Philadelphia.| Manchester..| 50 31 N | 2133 W | Nov. 13 | —, SSW, 12... 
Europa, Ger. §. Cherbourg...| New York...| 49 17N | 2314.W | Nov. 12 | 2a., Nov. 15 | 28.87 | S__.___. —,10......| ENE..| WNW, 11. 
Tuscarora, Br. S. S_.....| Glasgow Galveston....| 50 27 N | 1808 W | Nov. 13 | 7a., 13..| Nov. 14 | 29.382 | SSW...| SSW, 8-SW-W. 
Schenectady, Am. S. Copenhagen.. 58 45N | 800W |_..do..... 4p., Nov, 21 | 29.19 | SSE...) 8, 8.......| NW-... NW, 11...| 8-SW. 
Forthbank, Br. S. New Orleans_| Canal Zone--| 15 38 N | 8115 W _..do_.... 4p., 14._| Nov. 14 | 20.84 | ENE. ESE... E-ESE. 
West Chatala, Br. 8. Galveston....| 4416N | 4415 W | Nov. 14} 11 p., 29.44 | NNW_.| SSW, 10_..| NW-._..| SSW, 10...| SSW-NW. 
Aquitania, Br. S. S._.....| New York.__| Southampton} 41 32N | 56 21 W | Nov. 15 p., 15..| Nov. 17 | 30.06 | NW_..- , 8....| NW...) NW, NW-NNW. 
West Quechee, Am. 8. Hamburg....| Galveston....| 40 20N | 2244 W Nov. 22 | Noon,22| Nov. 22 | 29.39 | SSE....| NE, NNW..| —, 9...--.. SSE-E-NNW. 
Ponce, Am. 8. New York.-..| Porto Rico...| 31 15N | 7018 W | Nov. 23 | 8p., Nov. 24 | 29.81 | E._._..| E, ESE_._| ESE, 10...) E-ESE. 
Prusa, Am. 8. Galveston_...| Barcelona._..| 30 42 N | 68 42W |_..do..... Doe 29.90 | ENE... ENE, —..| —, 10...... 
Gulf Hawk, Am. 8. 8....| Las Piedras..| Philadelphia_| 26 19 N | 7516 W | Nov. 24 | BW Ww, SW-W. 
Hamburg, Am. | Hamburg_-..| Baltimore_._.| 49 04 N | 2703 W | Nov. 22 | Noon,25.! Nov. 27 | 29.24 | W.....-| 10...... W-NW. 
Bremen, Ger. $....._- Cher! ...| New York...| 47 06N | 37 18 W | Nov. 30 | Mdt.,30| Dec. 2898/ SSE. | —, 12...... NW....| —, 12...... 
Aden Maru, Jap. 8.8...) Fowey, Eng Portland, | 46 53N | 38 55W | Nov. 20 | 2.15 | SW, WNW. SW, 12....| S-SW-WNW. 
Belifiower, Am. 8. Avonmouth..| Baltimore..._| 51 35 N | 2343 W | Nov. 30 | Nov. 30 | 29.68 | SSE....| SSE, 8....| NW-....| SSE, 10...| SSE-NNW. 
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OCEAN GALES AND STORMS, NOVEMBER, 1931—Continued 
Position at time of Direc- | Direction | Direc- 
Voyage lowest barometer Time of oa tion of | and force | tion of Highest Shifts of wind 
Vena Gale lowest Gale he. wind of wind wind force of near tinte of 
berom | ended | Whee at | when’ | ‘wind end 
From— T Owes! gale on 
o— Latitude | Longitude eter | began | barometer | ended directs 
NORTH PACIFIC 
OCEAN oF Inches 
Maru, Jap. | Miike......-. 49 07 N | 154 10 E | Oct. 30) Mdt.,3 | Nov. 4 | 29.33 | Steady. 
Emp. of Asia, Can. 8. Vancouver...| Yokohama.-.| 45 35 N | 158 11 E | Nov. 1| 2a., 2...| Nov. 50 | SW...- 
Capilano, Br. 8.8.|.... do....... 48 15 N | 166 45 E | Nov. 4p.,2.-. Nov. 3 SW....| W8W, 10. wawaw 
Dlinois, Am. 8. S...-.-.- 47 08 N | 164 10 E |...do...-| 1 p.,2.--| Nov. 4| 29.32| S_.....- WSW-W. 
Golden Wall, Am. 8. 8...) Hong Kong... San Francisco, 46 09 N | 172 30 W'.--do...-| 1 p., 2.--|...do-._-| 29.60! W...... SW,—_| WNW_| W5W, 9._| WSW-w 
Tyndarens, br. 8. 8....-| Yokohama_.-| Victoria...... 49 00 N | 177 40 W|-..do...-| 29.06 | WSW..| WNW,9..| WNW.| W, 10.._..| WNW-NW 
(elville Dollar, Am. 8. | Cebu, P. I_--| Los Angeles._| 39 27 N | 140 01 W|.--do----| 29.41 | NE.._.| N, 10... NNE, il..| 2 pts 
anta, Br. 8. S........| Yokohama...| San Pedro....| 44 43 N | 178 18 W |.-.do-...| 8a., 3... 3 
Alaska, Am. 8, S.....---. Seattle....... Seward....... Bay, | Nov. 3/ 3p.,4...| Nov. 4 29.62| ariable. 
Bellingham, Am. 8. 8...| Dairen....--- San Francisco} 47 45 N | 177 45 W |..-do...-| 8a., 3... . 04 | W......| W, NW - - 
Ohioan, Am. 8. S.....-_- New York...| Los Angeles..| 15 20 N | 93 25 Nov. 4 84 NW... Nw, 5...-| NW.... 
Pres. Jefferson, Am. 8. 8_| Victoria_...-- Yokohama...| 52 31 N | 158 48 W| Nov. 3| 4p.,4_--| Noy. 28.70| SSE_.... WSW,5..| NW_._.| NW, 8....| WSW-W 
Lebec, Am. 8. S...-..--- Portland San Pedro..| 45 38 N | 124 17 W| Nov. 6| — Nov. 6 | 29.94 | 8, Steady 
Whittier, Am. S. | San Francisco] 15 00 N | 9410 W| Nov. 8| 5p.,8.-.| Nov. 9 | 29.87| NNW.| NNW, 6..| NNW. NNW, 10. 0. 
Stuart Dollar, Am. 8. 8..| Philippines..| Los Angeles..| 15 15 N | 128 00 E | Nov. 9 
Hayo Maru, Jap. 8. Muroran....- William Head] 45 06 N | 161 43 E | Nov. 10 ik NNW, 10. WNW, il- 
Pres. Cleveland, Am. 8. | Yokohama..-| Seattle....... 48 09 N | 173 23 E |--.do....| 6 p., 12--| Nov. 14 | 29.15 | SSE, 9....| SE-S-WSW. 
Tamaha, Br. 8. S........ Hong Kong--.| San Pedro....| 22 00 N | 116 14 E | Nov. 1 F 
Melmay, Br. 8. S..-...-- Portland... -- Hankow....- 34 51 N | 154 47 E i... 12 20. 73 NW NW 
Towa, Am. 8, San Francisco] 41 48 N | 179 55 W |-..do-_.-| Noon, 12|__ do 29.63 | 8.......| SE, 7......| SE.....| 8,9-......| S-SE. 
Meigs, Am. 8. S_....-..- Manila.......|....- 38 13 N 135 11 W| Nov. 14 | 6a., 14..| Nov. 14 | 29.93 | NW_...| NW, 8....| NNW .| NW, Stead 
Golden River, Am. 8. 8.| Hong Kong--/-..-- 39 13 N | 153 06 E | Nov. 17/ 1p., 17-.| Nov. 17 | 29.59 NNE..| NE, W-NE. 
Akagisan Maru, Jap. M. Yokohama...|-.-..do..-.... 45 57 N | 172 23 W| Nov. 18 | 63., 19.-| Nov. 20 | 28.37 | NE....| W, —..... SW....| WSW, 9..| ENE-W-wsw. 
Lebec, Am. 8. San Pedro....| 40 40 N | 124 38 W| Nov. 22 | 2p., Nov. 23 | 29.99 | NNW_| N, 7....-.-| N--.--.| N, 8.------ teady. 
Michigan, Am. 8. S....-| Tabaco, P.1.| San Francisco} 26 00 N | 137 20 E |...do-... Novia 3.31 BSE. 10 sow. 
Stuart Dollar, Am. 8. 8..| Philippines. -| Los Angeles_.| 38 30 N | 178 30 W| Nov. 23 | 4p., 28.88 | SE.....| SE, 4...... NW....| NNW, i2- 
Defiance, Am. M. Shanghai_....| San Pedro....| 31 26 N | 133 00 E |...do.... Mat. 98 29.59 | NE...-| ENE, 11..| N..-...| ENE, 11..| NE-ENE. 
Sop Laie Morn, Kudamatsu..| Los Angeles..| 39 50 N | 164 12 W 6 p., 23..|_..do....| 29,11 | SSE_...| SSE, 9....| W--..-. SSE, 9....| SSE-S, 
Golden River, Am. 8. S.| Hong Kong..| San Francisco| 46 35 N | 170 19 W |---do...-| 2 p., 25..| Nov. 26 | 29,13 | N...--- 8, 11...... SW....| SSE, 12...) SSE-S. 
Emp. of R Can. 8. | Vancouver...| Yokohama...| 52 30 N | 157 00 W| Nov. 24 | Nov ian SE, 9_....- SW....| SE, 9....-. SE-8. 
‘Do..- cnr 52 00 N | 168 00 W| Nov. 25 | 8a., 25.. 
8. taru cisco} ---d0....} 8 a., 28 44 | SSE...| SE, 11....- 
Hakubesan Maru, Jap. | 45 10 N ! 175 33 W 5a., 25.. Nov. 27 28.63 | SSW...| SSW, 10..| W-..--- SSW, 10 1 pt. 
Stuart Dollar, Am. S. 8_| Philippines..| Los A -| 38 18 N | 152 00 » 29. .-| N- 
Defiance, Am, M.8.....| Shanghal-----| San 41 24 N | 168 90 |. \do. | NNW] 
Golden Sun, Am. 8. 8...| Dairen.......| San Francisco| 38 24 N | 177 18 W| Nov. 30 | Mat.,30|...do..._| 29.77 | 8....... NW, 8....| NW-...| NW, 8....| W-NW. 
SOUTH ATLANTIC 
OCEAN 
arte De, Larrinaga, | England... Nacochea Nov. 4/| 18.,4...| Nov. 4 | 29.51 | SW..-.| SW, —..--| NNW-.| SW, 10....| SW-W. 
Persier, Belg. 8. S.......] Buenos Aires | Santos.......| 2554S | 48 38 W| Nov. 7| 4a:,8..-| Nov. 8| 29.43 | NE....| NNE,9.-.| NW....| NNE, 9.... NNE-NW. 
Brasilien, Dan. 8. S.-.-.| Hull..._..__. Buenos Aires.| 31 20S | 48 40 W| Nov. 15 | 4a,, 16--| Nov. 17 | 29.24 | NE...-| WSW, 10-| SW...-| WSW, 10.| NW-W-S. 


NORTH PACIFIC OCEAN 
By Witus E. Hurp 


essure, November, 1931.—The aver. 
center of the 


Aleutian Low in November was far to the 
westward of its October position, and lay over Bering 
Sea (St. Paul 29.50 inches, and Dutch Harbor 29.55 
inches). At both these stations the pressure averages 
were below the normal for the month, inter conditions 
of pressure, with some extremely great and rapid fluctua- 
tions in the barometer from day to day, were common to 
the whole Aleutian region. Instances of this great pres- 
sure variability are shown in the p. m. barometer anaes 
at Dutch Harbor from the 23d to the 27th, which are 
as follows: 23d, 29.90 inches; 24th, 28.60; 25th, 29.68; 
26th, 28.86; 27th, 29.80. Pressures above normal were 
found along the American coast from Kodiak eastward 
and southward to Tatoosh Island. 

Fairly stable high pressure, with the average crest of 
the anticyclone over the eastern part of the ocean, 
prevailed in middle latitudes, while a continuing belt of 
moderately igh pressure extended westward ne lower 


middle latitudes to near the Asiatic coast. Here it 
expanded to include Japanese waters and the eastern 
seas of China. As usual to the season, in the Japanese 
Tegion the anticyclone was considerably broken by the 
intrusion of frequent Lows. 


The following table gives barometric data for several 
island and coast stations in west longitudes, including 
Point Barrow on the Arctic Ocean. 


TaBLE 1.—Averages, and extremes of atmospheric 
peeerure at sea level, North Pacific Ocean and adjacent waters, 
ovember, 1931, at selected stations 


Depar- 
Stations | from | Highest! Date | Lowest | Date 
normal 
Inches Inch Inches Inches 
Point Barrow 12 30.00 | +0. 01 30.92 | 13th..... 29. 20 | 28th. 
Dutch Harbor! 29.55 | —0.04 30. 50 | 12th... 28. 60 
St. Paul 29.50} —0.09 30. 40 | 28.40 | 3d 
Kodiak ! a 29.68 | +0.12 30.36 | 24th... 29.02 | 5th 
Midway Island !._...-.-...-- 30.05 | —0.03 30. 24 | 29th..._- 29.70 | 17th 
29.99; —0.03 30,12 | 4th......| 29.85 | 26th 
29.95 | +0.19 30. 59 | 26th....- 29.20 | Ist 
Tatoosh Island 4...........- 30.02 | +0. 05 30.44 | 2ist.....| 29.28 | 16th 
San Francisco 3 4............. 30.05 | —0. 04 30.38 | 19th..... 29. 67 | 14th 
Sele 30.00 | —0.02 30.20 | 19th._... 29.60 | 2Ist 
1 P, m. observations in averages: a. m, and p. m. in extremes, 
2 For 29 Saye, 
3 A. and p. m. observations. 
4 Corrected to 24-hour mean. 


Cyclones and storminess——November, 1931, may be 
called a stormy month on the North Pacific. Moderate 
to intense progressive cyclones, as well as oscillating 
storms of the Aleutian Low type, swept upper and middle 
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latitudes. Typhoons and strong monsoons were felt in 
the Far East. Locally intensified trades, rising in force 
to that of a fresh gale, were reported on the 9th to 11th 
east,of the Hawaiian Islands, and on several days Tehuan- 
tepecers roughened the weather off the Mexican south 
coast. But stormiest of all the regions was that lyin 
approximately between latitudes 35° and 53° N., ani 
longitudes 165° W. and 160° E. This region was tra- 
versed by most of the principal cyclones of the month. 

The earliest northern cyclone of November, coming out 
of Siberia on the ist, passed eastward over the Aleutians 
and entered the American mainland on the 6th. It was 
attended by fresh to whole westerly gales over an exten- 
sive area, involving the main trans-Pacific steamshi 
routes south of the Aleutians, with the highest wind, 
force 11, on the 2d. 

During the 9th to 12th another Siberian cyclone, after 
crossing the lower Kurils, sped northeastward and entered 
the Aleutian area. Its effects were experienced by ship- 
ping most severely on the 12th, during which day gales of 
varying forces up to 11 were reported along theupper 
route between 160° and 175° E. 

About the 22d or 23d a storm development, secondary 
to a disturbance then over the Aleutians, appeared to the 
northeastward of Midway Island. At t it had a 
northwesterly trend about the n1cH then overlying the 
eastern part of the ocean, but by the 24th it was moving 
nearly north toward the Bering Sea, which it entered on 
the 26th. During most of its course it was a deep and 
violent cyclone. The heavy gales associated with it 
began on the 23d, when the American steamship Stuart 
Dollar encountered a northwesterly hurricane in 38° 30’ 
N., 178° 30’ W., barometer down to 28.88 inches. On the 
25th several vessels experienced wind forces of 11 to 12, 
among them the American steamship Oregon, which 
encountered a southeast hurricane, with barometer down 
to 28.44 inches, in 50° 25’ N., 171° 30’ W. The cyclone 
continued northward with diminishing energy and by the 
28th lay over northern Alaska and the adjacent Arctic 


Ocean. 

cays age 29th, in about 42° N., 163° E., the American 
motor ship Defiance encountered a northwest gale of 
force 11 in connection with a moderately deep cyclone, 
the earlier and subsequent movements of which are as yet 
little known. 

Other gales of forces 8 to 10, not associated with the 
cyclones already mentioned, occurred at various times 
over the northern Pacific. They were for the most part 
connected with the fluctuating activities of the semi- 
permanent Aleutian Low. On the American coast fresh 
= occurred on a few days, due to the proximity of 

epressions over the western extremity of the continent. 
The most important of these winds are mentioned in the 
tabular report of gales and storms. 

One further extratropical cyclone needs to be men- 
tioned. It gathered on the Ist of the month near 
32° N., 147° W., in the midst of the North Pacific anti- 


cyclone. It had a slow northeast progression, but by 
the 3d, then central near 37° N., 137° W., it had pene- 
trated the ower 


area and joined the 

extension of the Aleutian cyclone to the northward. 
Thereafter it quickly lost identity and force, and only a 
very shallow depression remained of it off the California 
coast on the 4th. The cyclone attained local violence 
on the 3d, as may be gathered by the report of the 
American steamer Mel Dollar. which experienced a 


northerly ps of force 1i, barometer down to 29.41 
inches, w 


e crossing the Low near 39° N., 140° W. 
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Typhoons.—Three November typhoons appear to have 
formed in the Far East. The first formed about midway 


between Guam and the Philippines on the 3d or 4th. 
It crossed central Luzon on the 7th and went westward 
into the China Sea. We have no present information 
as to its intensity. 

The second typhoon probably formed on the 6th or 
7th in much the same locality as had its predecessor. It 
went northwestward over Luzon and seems to have en- 
tered the China coast not far from Hong Kong on the 
11th. Reports from two vessels indicate considerable 
intensity both east and west of the Philippines. On the 
9th the American steamer Stuart Dollar experienced an 
east gale of force 11, lowest barometer 29.68, in 15° N., 
128° E., and on the 11th the British tanker Tamaha 
encountered this storm as a northeasterly gale of similar 
force, lowest barometer 29.52, some 130 miles east of 
Hong Kong. 

The third typhoon originated a little west of Guam on 
the 17th. After a westward movement for two or three 
days, it turned north, then went northeastward between 
the Ogasawara Islands and Japan, and disappeared at 
sea on the 24th near 40° N., 155° E. The American 
motorship Defiance experienced this cyclone as a gale of 
force 11 on the 23d, in 31° 26” Nx;.133° 00’ E. 

Northers.—Northers . were. reported. in the Gulf of 
Tehuantepec from the 1st to. the 8th, all of force 7, except 
on the 4th, when the gale rose to force 9, and on the 8th, 
when a force of 10 was encountered.” ». 

Winds at Honolulu.—The prevailing wind direction at 
Honolulu was from the east, with a maximum velocity 
of 24 miles from the east on the 8th. 

Fog.—Only three or four days with fog were reported 
for all that part of the ocean west of 160° W. On the 
upper and middle routes between 130° and 160° W., 
scattered fog occurred on nine days, principally between 
the 19th and the 29th. There was much lessening of fog 
on the American coast as compared with October; but 
teling that part of the coast between Capes Mendocino 
and Conception as a whole, fog occurred on the first eight 
days of November and on the 20th. In the Gulf of 
Tehuantepec it was reported on the 16th and 21st near 
boundary lines of blue and green water. 


TYPHOONS OF THE FAR EAST DURING SEPTEMBER AND 
OCTOBER, 1931 


[Abstract of reports furnished by the Rev. Micuet Seta, 8. J., director, Weather 
Bureau, Manila, P. I.] 


The manuscripts descriptive of the September and 
October typhoons in the Asiatic section of the North 
Pacific Ocean, kindly furnished by the Rev. Miguel Selga, 
S. J., director of the Philippine Weather Bureau, were 
received too late for inclusion in the September and 
October issues of the Montraty Weratuer Review. 
Inasmuch as the regular North Pacific weather summaries 
have already given brief, though necessarily incomplete, 
mention of the several typhoons of those months, the 
restrictions of space in the current issue allow only of a 
brief résumé of the more important details that may be 
drawn from the articles in hand. : 

Typhoons of September —Three typhoons of low lati- 
tudes were reported. The first, a very narrow but violent 
storm of September 1-4, appeared off the southeast 
China coast in the Taiwan Channel. The second, that 
of September 9-13, crossed the Eastern and Japan Seas, 
and disappeared north of Japan. It acquired greatest 
intensity and progressive velocity with passage of the 
Chosen (Korea) Strait. The third, that of September 
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18-28, was the the severest storm of the month in the 
lower latitudes of the Far East. It originated east of 
Samar, and on the 20th and 21st, moving almost due 
north, crossed Luzon, barely missing Manila. The lowest 
ressure obtained in the Philippines was 28.80 inches, at 
aet, and the ripe wind force, 12, from southwest, in 
Legaspi Bay. e storm was attended by heavy rains. 
A little south of 30° N. the typhoon track turned north- 
eastward, skirted the western coast line of Japan, and the 
center then moved rapidly on past Sakhalin Island. 

(The report does not mention among the typhoons of 
the month the very severe cyclone which occurred south 
and east of Japan from the 8th to 11th.) 

Typhoons of October —Four severe typhoons occurred 
in October, 1931. The storm of October 5-14 originated 
south-southwest of Guam, moved northwest, recurved to 
the northeast, and after crossing central Japan, proceeded 
into the open sea. ‘Press dispatches from Tokyo 
reported torrential rains and terrific winds associated with 
loss in life in central and western Japan. The typhoon 
was considered one of the worst to hit Japan in years.” 

The China Sea typhoon of October 9-11, which was of 
known hurricane force on the 10th south of Hong Kong, 
passed almost due west into Indo-China. 

The so-called Taurus typhoon of October 13-20 origi- 
nated between Guam and Yap. ‘ Yet,” said Father 
Selga, ‘‘no accurate idea of the extent and voce Fe the 
typhoon could be formed until the steamer Taurus, 
anchored at port San Vincente, reported a barometric 
reading of 731 millimeters (28.78 inches) and WSW. 
winds of force 12 at noon on October 18.” The lowest 
barometer experienced by the Taurus, 28.69 inches, 
occurred a half hour later. The typhoon was then 
passing western Luzon. It headed into the China Sea, 
where it disintegrated on the 20th. The accompanying 
rainfall over northern Luzon was very heavy on the 18th. 
The total fall in Aparri was nearly 10 inches and gave rise 
to the severest flood in that region since 1908. 

The typhoon of October 20-27 was first indicated as a 
depression south of Guam. Going northwestward, the 
storm gathered energy and by the 24th, when about mid- 
way between the Philippine and Bonin Islands, it began 
to recurve into the northeast, attaining hurricane strength 
for an approximate distance of 100 miles outward from 
the center. Here it was encountered by the M. S. 
Irisbank, which experienced winds of force 8 to 12 for 44 
hours. Near the Bonins (Ogasawara) on the 26th the 
8. S. Yoro Maru was reported in distress and later to have 
gone ashore on one of the small islands. The Silverhazel 

roceeded to her assistance, but in 29° 25’ N., 143° 20’ 

., Was forced to heave to in a northwest hurricane (force 
12) and in consequence had to abandon her quest. The 
typhoon was lost to observation on the 27th far to the 
eastward of Japan.—W. E. H. 


BUCKET OBSERVATIONS OF SEA-SURFACE 
TEMPERATURES 


By Siocum 
STRAITS OF FLORIDA AND CARIBBEAN SEA 


Table 1 shows the average temperatures for the Carib- 


bean Sea and the Straits of Florida for November of each 
year from 1919 to 1930, inclusive, and Table 2 summarizes 
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the temperature for November, 1930, in the same areas. 
The chart shows the number of observations taken in 
November, 1930, within each 1-degree square and mean 
temperature data for subdivisions of the area considered. 

The surface water of the Caribbean Sea is warmer than 
the yearly mean throughout November, but autumn con- 
ditions are well established by the beginning of the month 
and the temperature drop is pronounced eosstes until 
the end of the year and beyond. Of an annual range in 
game ay of approximately four and a half degrees, 
nearly a third of the drop from the peak in September to 
the minimum in March occurs in November and another 
third in December. 

This temperature drop in the Caribbean is slightly 
greater in December than in November, but in the Straits 
the most rapid drop during the year is in November. 

November, 1930, was the ninth consecutive month 


having above-average temperature in the Caribbean 


Sea, being warmer than the 11-year mean except during 
the first quarter when the temperature was seasonable. 
The fall in temperature, as the month progressed, was 
slower than is usual at this season, and at variance with 
the relatively rapid normal fall in mean temperature 
described above. 

The Straits of Florida were unseasonably cool during 
the first half of the month and slightly warmer than the 
11-year mean during the second half, the month as a 
whole being cooler than the average. 


TaBLE 1.— Mean sea-surface temperatures in the Caribbean Sea and 
the Straits of Florida for November, 1919-1930 


Carribbean Sea Straits of Florida 
Year N 
umber Number 
of obser- of obser- | 
vations vations ) 
259 82.3 127 78.5 
510 82. 4 147 79.2 
1929 565 81.4 191 79.2 
Mean (1920-1930) 78.7 


1 Not used in computations because of insufficient data available. 


TaBLeE 2.—Mean sea-surface temperatures (°F.,) and number of 
observations, November, 1930 


Caribbean Sea Straits of Florida 
ture |C oh 
ure ure ange 
Quarter} Period hae} from | from pe from | from 
obser- |ean| 11-year| preced-) |Mean| 11-year) preced- 
tions mean ing tions mean ing 
va (1920- | month | ¥@ (1920- | month 
1930) 1930) 
op | op | op op| or | oF 
Month....-. 550 | 82.0; —0.9 129 | 78.2] —0.5 —3.0 


i 
‘ 
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CLIMATOLOGICAL TABLES 


CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average ae tee and total rainfall; the stations reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 
the several headings. 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using all trustworthy records available. 

The mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations. Of course, the number of such records is smaller than the total number of 


stations. 


Condensed climatological summary of temperature and precipitation by sections, November, 1931 
{For description of tables and charts, see REVIEW, January, p. 50] 


Temperature Precipitation 
Monthly extremes Greatest monthly Least monthly 
Section 
as Station i Station Station : Station 
218 A < < 
°F. | °F, oe oF. In. | In In. In 
60.8 | +6.6 | 89 14 | 3 25 7 | 1:76 | —1.58 | ek 0.00 
48.8 | ~3.9 | Granite Reef Dam_..| 100 3 | Fort —30| 24 | 2.57 | +1.76 | Natural Bridge...... 7.72 | Yuma (weather bu-| 0.14 
reau). 
kansas 57.6 | +6.2 | 2stations............ 838 Dutton. ........... 18 1 | 6.34 | +2.69 | 9.19 | 2.49 
California... .......... 47.6 | —3:9.1 98 3 | —12 26 | 2.92 | +0.45 | Crescent City....._- 10.80 | Greenland Ranch.-..| 0.02 
32.5 | —2.9 | Two 89 —41 25 | 1.40 | +0. 54 | 0.10 
0.5 148.21 90 | 30} | —1.70| Fort Lauderdale....| 3.53 | 14 0.00 
60.6 | +6.0 | 90] 15] 21 7 | 0.63 | —2.10 | Dahlonega...........| 4.10 | 3 stations............| 0.00 
30.1 | —4.9 | Glenns 81 8 | —27 22} 1.88 | —0. 6.57 | Aberdeen........... 
51.0 | +8.9 | Hillsboro............} 83 8 | Sycamore. _......... 16 26 | 4.87 | +2.35 | 7.96 | Roberts............- 2.47 
51.1 | +8.9 | Rome...............] 83 15 | 2stations............| 16 | !26 3.86 | +0.76 Porte............| 7.56 | Bluffton_............| 2.09 
3.22 43.9 | +7.3 | 5 81 29 | 5.76 00 
a 46.2 | +2.6 | 3 stations__..__- 87 25 | 4.46 
Kentucky............- 55.0 | +8.6 | Williamsburg -_ 84 7 | 3.52 
64.9 | 88 1 | 4.84 Port Eads 
Maryland-Delaware_-_| 51.8 | +6.7 | 4 stations._...._..__- 80 7} 0.94 | —1.61 | Sines, Md_......___- 2.48 | Hancock (city), Md_ 
----| 44.4 | +8.0 Bangor.............. 75 26 | 3.85 | +1.39 | Eau 5.75 | Painesdale. -........- 0. 74 
Minnesota.........--- 35.8 | +6.2 | Canby_............- 81 29 | 2.88 | +1.79 | Grand Meadow-.-_-_- 5.80 | Milan..............- 0. 73 
Mississippi. -- - - -- --| 61.5 | +63 | Austin. 89 7 | 4.64 | +1.05 | 9. 22 | 1.13 
52.2 | +7.8 | Jefferson 87 25 | 5.46 | +3.06 | 9.72 | 3. 42 
28.6 | —3.3 | 6 7 22 | 0.91 | +0.09 | 
38.4 | +1.7 North Loup...._.... 8 26 | 2.21 | +1.42 | 
35.9 | —4.7 | 91 4 23 | 0.98 | +0. 27 Marlette Lake-_.... 
New England_.....__- 43.7 | +5.7 | Brockton, Mass_.... 80 10 a 27 | 1.33 | —2.10 | Pittsburg (A), N. H- 
New Jersey_.......--- 50.4 | +7.4 | Boonton.__......... 80 13 | Layton.............. 7 | 0.82 | —2.38 | 2 stations___......._. 
New 40.9 | —1.3] G 88 1 | 2 stations 124 | 1.26 | +0.53 | 
45.8 | +8.0 79 19 | Indian 28 | 2.25 | —0.77 | High Market_....... 
North 55.8 | +5.9 | 87 13 7 | 0.84 | —1.69 | Rock 
North 30.3 | +2.9 | 4 12 | 3 121 | 0.55 | —0.06 | Grand j 
50.2 | +8.7 | 82 22 | Mount 16 28 | 2.70 | —0.10 | Columbus (No. 2)...| 4.32 | Youngstown. 1. 50 
Oklahoma. 54.1 | +3.7 | 3 stations 89 | 13) Boise 9{ 4.94] +2.92 | Oklahoma 9. Kenton... 0. 39 
36.0 | —3.2 —30 29 | 3.53 | —0.22 | Willow 16. 61 0.18 
49.2) +8.0 12 | Mount 12 17] 1.52 | —1.34, 4,42 | Reading.............| 0.36 
South Carolina__....._| 58.8 | +5.0 21 | 21 7 | 0.54 | —1.75 | Caesars Head... 0. 00 
South 34.7 | +1.5 8 | Spearfish............ —12 22 | 0.98 | +0.31 | 3.76 | Ludlow. ............ 0.17 
56.5 | +8.1 17 7 | 3.62 | —0.10 | 7.59 | Embreeville......... 0. 38 
61.5 | +43 | Falfurrias........... 97 11 | 10 | 122 2.20} —0.12 9.10 | 3 stations.........._. 
32.3 | —5.1 | Springdale. 84 5 | Fort —19 | 124] 1.54} +0. 48 | Silver 4.77 | 0. 14 
53.8 | +7.5 87 20 | Burkes Garden...___ 14 7 | 0.64 | —1.76 | Pennington Gap-_-...| 2.53 | Rocky Mount-_......| 0.04 
35.5 | —4.1 | Prosser 76 1 | Newport (a) —10} 27} 5.00) —0.02} Big 22.99 | Naches Heights. 0. 38 
West 51.3 | +8.6 | 88} 24 11 7 1.81 | —1.08 | New Martinsville..__| 2.96 | 0. 25 
Wisconsin............. 41.2 | +7.7 | Fond du Lac........ 75 18 | Solon Springs. 0 26 | 4.17 | +2.40| 6 18 2.18 
27.9 | —3.2 | 2 stations............ 78 | 11/1] Riverside........... —34 22 | 0.69 | —0.06 | Bechler River....... 3.01 | Torrington.........- 0. 
Alaska (October)_.....| 29.6 | —1.1 do. 14) Barrow. —14 28 | 4.34 | +0.94 | 25.75 | Barrow...........-- 0. 03 
72.3 | +0.5 | 94 6 | Kanalohuluhulu....| 46 | 115 | 6.72 | —1.35 | 33.61 | 3 0.00 
Poste 76.6 | —0.1 | San 96 7 | Guineo Reservoir_..| 40 15 |10.89 | +3.44 | 20.05 | Mayaguez... 2. 29 
1 Other dates also 
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TasBie 1.—Climatological data for Weather Bureau stations, November, 1931 
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TaBiE 2.—Data furnished by the Canadian Meteorological Service, November, 1931 
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